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THE CITY OF PROVIDENCE. 



RESOLUTION OF THE CITY COUNCIL, 



Afpboyed July 9, 1866. 



Besolyed, That Messrs. Carpenter, Armington, and Gladdino, witih 
Alderman Lester and the Mayor, be and they are hereby appointed a 
Committee to examine and report upon the best sources of obtaining a supply of 
pure water for the city of Providence, with the estimated cost thereof; with 
authority to make such surveys and employ such assistance in the discharge of 
their duty as m%y be necessary ; the expense thereof to be psdd out of the 
appropriation for contingencies. 
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A true copy. 



Witness: 



SAMUEL W. BEOWN, City Clerk. 
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REPORT. 



To THE HOKORABLB, THE CiTT COUNCIL 

OP THE City of Providence : — 

Appointed a Committee to " examine and report upon the best 
source of obtaining a supply of pure water for the City of Prov- 
idence, with the estimated cost thereof," under a resolution dated 
July 9, 1866, and having concluded our labors, we hereby re- . 
port. 

More than two years have elapsed since our appointment ; a 
long period, in view of the urgent need of an abundant supply 
of pure water to the city. But it should be remembored, that 
only two months previous. May 9, 1866, a proposition to intro- 
duce water was emphatically voted down; and that, for reasons 
widely various, plans presented several times during the pre- 
ceding thirteen years had been rejected. 

There bad been quite a conflict of opinion since the first 
proposition, submitted in 1853 ; and the question was thereby 
forced into peculiar and delicate relations. Many of our fellow- 
citizona argued that water from without was not needed. Oth- 
ers, unwilling to draw from rivers employed as power, thought 
that water should not be brought in unless taken from some pond 
or lake. Others still, looked with suspicion upon one of the 
rivers named, fearing a scanty supply from it, and apprehensive 
that somebody would make money through the use of its waters 
by the city. Some declined to assist in the creation of a water 
debt, which, it seemed to them, would always remain a burden. 
Many owners of dwellings iu the outer sections of the city, with 
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wells of fair water upon their premises, were unwilling to bo 
taxed for that which seemed likely to make no adequate return 
to themselves. No small part of the voters, forgetful of their 
objections to monopolied corporations as dealers in articles of 
prime necessity, favored the introduction of water by means 
of a private corporation rather than by the city. 

Now, every Committee of the City Council proposing plans for 
the introduction of water, and every citizen who had examined 
the subject, knew that all these objections were, in the main, with- 
out weight. Nevertheless, it was necessary that the public mind 
should be so enlightened as to dispose of all these objections 
before a vote favorable to the introduction of water could be 
secured. Surveying, therefore, our field of labor in the impor- 
tant work committed to us, we endeavored to so commence 
operations as to remove the question beyond the reach of any 
preconceived ideas ; in short, taking it up as though in Provi- 
dence no attention had ever been given to the subject. Accord- 
ingly, we cast about for some engineer, who, while within easy 
call, might have never known of our plans for water, and in 
most, if not all respects, a stranger. Correspondence with engi- 
neers in Boston and New York finally determined our action ; 
and we engaged the services of one with whom all our inter- 
course has but served to deepen the conviction of a well-made 
choice. 

Mr. J. Herbert Shedd, of Boston, an engineer of extensive 
reputation and business in Massachusetts, has served us faith- 
fully. He has not only brought scientific attainments to bear 
upon the great question, but has made himself so familiar with 
our city, and its needs in this regard, as to become to all intents 
a citizen, except in prejudice. To him now we respectfully ask 
your attention. His report is based upon careful examinations 
and surveys ; and so closely have we as a committee, followed 
in these, that we are convinced the whole matter has been 
by him practically exhausted. 

The work, including maps and a multitude of facts, has cost 
several thousand dollars ; but to the limit of prosecution it is a 
finished work, and will not have to be repeated in the event of 
water introduction upon any one of the four good plans set forth 
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We unanimously adopt Mr. Shedd's conclusions, recommend- 
ing plans in the order specified by Lim. We further recommend, 
that, when the question shaU be submitted to our fellow-citizens, 
the first two plans (tS'coK'a Pond and Pawtuxef) only shall be 
considered; the final choice between the two to be made, either 
by the City Council or by the Commissioners who may bo choacn 
to carry out the work. We take this position, because, in plans 
of BO nearly equal merit, those charged with the duty of cou- 
strnction ought not to be hampered by a vote which would cut 
them off from tho exercise of sound judgment in given contin- 
gencies. 

Wo trust, when the question of water shall again be presented 
for tho votes of our tax-payers, it will receive so hearty ap- 
proval as to show them fully alive to the greatest of their mate- 
rial needs. To reject again the aid of water in abundance, for 
, development and protection, would prove us, as a people, blind to 
the highest considerations of prosperity, safety, and health. Cast- 
ing aside every frivolous objection and unworthy prejudice, each 
should ask himself, why Providence — a city of over sixty 
thousand inhabitants — should be without a fnll supply of soft 
pure water, when every other city of the land numbering thirty 
thousand inhabitants is either already supplied or has works in- 
progress, except the young city of Milwaukee. 

Intercourse with business men, since we entered upon the work 
assigned, has but served to confirm us in the opinion that our 
city has been a great loser in being so poorly supplied with 
water. The Builders' Iron Foundry, for instance, would have 
taken a contract to cast the " Rodman gun," — a contract cal- 
culated to disburse thouaands of dollars among our mechanics 
and laborers, — but for the want of sufflcieut water to properly 
cool down the castings ; and the agent of the foundry has 
assured us, that, unless a more liberal supply of water can be 
had from some source at present beyond his reach, its busineaa 
capacity must continue but moderately developed. 

The Gorham Manufacturing Company have spent a great deal 
of money in vain attempts to obtain a liberal supply of watei 
for the use of their renowned Silver Works; and so have many 
other concerns. They have settled wells, and sunk pipes, only 
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to obtain limited quantities of indifferent water ; and^ like the 
Builders' Foundry, all must bo cramped as to growth^ until a 
public supply of water shall have been brought to their aid. 
How many people realize, that, in addition to the manufactures 
common to communities like ours, we have branches of manual 
art quite unknown in most other cities, and that the develop- 
ment of all these adds directly to the wealth of the community ? 

What an era in the history of our three hundred and forty- 
one boilers will it be, when pure water shall be substituted in 
them for the stuff now used ; when the sound of hammer and 
chisel chipping away the incrustations shall seldom be heard ; 
and their attendants shall have confidence in their ability to 
perform the tasks required without break or explosion I 

But there ought to have been many more than three hundred 
and forty-one boilers in this city when the list was made up for 
our use ; and water suitable for boilers would have contributed 
to such result, thereby augmenting population and wealth. 

It is said that the manufactured articles of the city amounted 
in the year past to more than thirty-three millions of dollars. 
This is a large sum ; and yet it would have been much larger, 
had a generous policy in respect to water prevailed in times past. 

Though Providence has gained population and wealth since 
it became the counting-house and workshop of the extensive 
factory establishments which cluster upon the neighboring 
streams, it has gained far less than it would, had soft water 
been abundant during the past fifteen years. 

And then what a risk has been taken in regard to fire with 
vuc large proportion of wooden buildings ! Good and expen- 
sive (made more expensive from the lack of water) as is our 
fire department,, none can tell when a conflagration may occur 
to sweep away, in a few hours, property costing several times 
as much as our proposed water-works. The fact of our great 
exemption from serious fires argues very little against our great 
liability. 

We shall not discuss the question of direct income from the 
introduction of water. Some cities have received more than 
enough to pay interest on water debt and all annual cost ; others 
have not. We can only presume that Providence, from the 
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character of its business, will be found in the list of those cities 
■whose Water-works pay directly. But, suppose such fortune 
ehould not follow the construction of water- works here, 
have not we, as a, people, been rapidly educated to regard pure 
water as an article which will pay indirectly a largo percentage ? 

There are few iuvestments made by the individual, that pay 
diredly. Dwellings, furniture, horses, carriages, gardens, and 
very many things deemed necessary by a cultivated people, do 
not always, if often, make moneyed returns; and yet thousands 
justify themselves in the outlay required to posaeas them. 

There are, however, those so well convinced of the profitable 
nature of the investment required to furnish our city with water 
that they have already petitioned the General Assembly of the 
State for an Act of Incorporation. This petition would un- 
doubtedly have been granted at the last session of the Assembly, 
had not your committee represented the importance of allowing 
the people of Providence to first say whether they would prefer 
works constructed at public cost. 

As a committee, we have always kept steadily in view the fact 
that most water companies have constructed th«ir works on a 
scale too small for the dcmaud soon made, and that the people 
have in such cases often called upon their representatives to 
become the purchasers for them, and largely to reconstruct. 
Reconstruction is generally expensive aud wasteful; and the 
people have been led to wish they had built such works them- 
selves, instead of permitting private parties to do it. Our 
engineer has argued this point in his report. 

We are called upon from the character of our subject to refer 
you to the analyses of water obtained from various wells and 
" fountains " in the city, as made by that careful chemist. Prof, 
J. H. Appleton, of Brown University. His Report, appended, 
contains several interesting facts, to one of which we desire here 
to ask your notice. He considers that water containing more than 
25 grains of solid matter in a gallon can hardly be called more 
than of fair quality for domestic use ; and yet. one of the " foun- 
tains" has deteriorated to that extent during the past fifteen 
years, its analysis in 1853 showing about 10 grains, and, in 1868, 
over 36 grains. It ia fair to presume that a large proportion of 
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the water beneath our feet has deteriorated in like degree dur* 
ing the 8ame period of time. 

What we have written is necessarily a kind of preface to the 
more elaborate and exact statements of one whose knowledge of 
the subject under consideration is thorough and practical. In 
this preface^ wo have aimed to discuss only those bearings of the 
subject wiiich Mr. Shedd has purposely omitted, as not belong- 
ing so properly to his department as an engineer, as to ours, a ^ 
committee. Whenever wo have stepped upon ground occupied 
by him, it has been simply to assist, if possible, the fortifying of 
his position in its relation to Providence. 

But we conclude, and, in so doing, again ask your most care- 
ful attention, and, through you, of all the good people of our city, 
to the main body of our work. 

Respectfully submitted, 

Charles E. Carpenter. 
James H. Armington. 
Benjamin C. Gladding. 
John K. Lester. 
• Thomas A. Doyle, 



REPORT. 



Zb the Committee of the (Kty Ooumdl on a Supply of Pure Water 

for the City of Providence. 
Gestlemeh: — 

Ih Bubmitting the following Report on means of supplying the 
City of Providence with water, it may be proper to recall the 
circumstances and inatructiona under which my inveatiga&ton 
has been made. 

In the month of October, 1866, 1 was called upon by you to make 
B, professional examination of all possible sources of supply, with 
the distinct understanding that this examination should be en- 
tirely independent of all previous investigations and reports, 
To this end I was kept in ignorance of what had been done in 
the past, and you have carefully refrained from giving me your 
impressions, if any you have, for or against any particular plan. 
I have thus been left free to consider the various possible plana 
in parely scientific light, without personal prejudice from any 
source. 

The nature of the examination required was such as to em- 
brace all the important facta regarding all practicable sources of 
supply, BO that the city authorities and the people might be 
in a position to judge for themselves as to their respective 
merits, and so that no future investigations of this kind should 
be necessary. I was directed to spare no noedful pains or ex- 
pense for this purpose, and to make whatever preliminary 6ur- 
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veys were required to develop what I should find to be practi- 
cable sources of supply, with such accuracy and thoroughness 
that the same ground would not have to be gone over again in 
the event of the adoption of either plan. 

In obedience to these instructions, I made a personal examina- 
tion of the following ponds and streams, including all of any 
considerable size within reasonable distance of the city : 
Mashapaug Pond, Scott's Pond, Olney's or Stump-Hill Pond, 
Carr's Pond, Moswansicut Reservoir, Wallum Pond, Stillwater 
Reservoir, Abbott's Run, Moshassuck River, Woonasquatucket 
River, Seekonk River, Ten -Mile River, Blackstone River 
through Scott's Pond, and at Pawtucket, and Pawtuxet River. 
I have reviewed with some care the whole subject of water 
supply in its various aspects of quantity, quality, economy, and 
possible sources, including the examination of Artesian wells. 
I have had all necessary surveys made for the projection of plans 
for supplying the city from Seekonk River, Ten-Mile Eiver, 
Blackstone River, through Scott's Pond, and at Pawtucket, and 
the Pawtuxet River ; and finally, I have prepared detailed plans, 
with estimates, for a supply from Blackstone River through Scott's 
Pond from the Blackstone at Pawtucket, from Ten-Mile River, 
and from the Pawtuxet River. The surveys have been executed 
and the drawings made mostly by my assistant, Mr. Otis F. 
Clapp, whose habitual accuracy and faithfulness make them 
worthy of entire confidence. Much of the labor of preparing 
plans for the construction of the works, including a large amount 
of calculation, has been performed for me by Mr. Hiram P. Mills, 
Hydraulic Engineer, to whom I am also indebted for his valuable 
co-operation in the general study of the whole matter. 

To present all the information obtained, and all the facts that 
have been taken into account in forming my judgment on the 
several points, would make a report much too extended for popu- 
lar use. It is, therefore, thought best to present in this report a 
general view of the whole subject, with so many of the particu- 
lar facts involved as seem necessary to enable the reader to form 
an intelligent judgment for himself as to the comparative advan- 
tages of the different plans described. 



QUANTITY. 

It 13 presumed that the city of Providence will not undertake, 
with the public money, the construction of water-works for a lesa 
supply than that of the entire city, including all purposes of con- 
Bumption, with the probable increase for a considerable period. 
These purposes may be classed as those of — 

The Household, 
Manofactubes, 
estingoishing plbe8, 
Pdblic Fodntains and Baths, 

Of these purposes the household, though most immediately 
affecting each individual, might be left most safely to private 
effort; for a sufficient supply for family use, of tolerable quality, 
can always bo obtained by some means or other. But the more 
public uses require the joint action of the whole community, and 
are of such magnitude as to exceed all ordinary, minor means of 
supply. The most imperative of these is that of water for extin. 
guishing fires. With forty or fifty million dollars worth of prop- 
erty at stake, ordinary business sagacity would deem it essential 
to have the means of extinguishing fires everywhere ready at 
hand in abundance. What would be proper prudence for indi- 
viduals is not less so for the community. Of course, the greater 
and more efficient the protection is, the greater the value of 
Buch property. 

A similar exercise of prudent and wise forethought would make 
it seem incumbent upon the community to provide necessary 
facilities for the manufacturing interest, in order to encourage 
its development within the city limits. And this interest, in 
several important branches, is dependent for success on a copious 
supply of pure water. Public fountains, and ample facihties for 
bathing, may be reckoned among the luxuries that follow the in- 
troduction of water into a city at the public expense. But 
their value is not the less certain in promoting the public wel- 
fare. 

When public necessities seem to demand a public supply of 
water, private convenience may bo recognized as a very urgent 
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claimant in addition. Those who have once had the favor of an 
unlimited supply of pure, soft water, running at their hand by 
the turning of a faucet, would not willingly incur again the in- 
convenience and expensive labor which attend the pumping of 
their daily supply from a well, — even were it possible, which is 
not the case in Providence, to procure well-water of equal quality. 
In fact, the actual expense of pumping, by manual labor, the wa- 
ter now used for domestic purposes in the city of Providence 
exceeds, by calculation, the cost of pumping by steam-power 
twenty times the quantity, from any neighboring river level, to 
a proper height for the city reservoir. 

In considering, therefore, the quantity of water to be supplied 
to the city of Providence, besides reckoning liberally for public 
uses, we may fairly presume on the inhabitants not being slow 
to avail themselves of the new privilege ; and so make our calcu- 
lations for an abundant supply for all private uses, equal to what 
is used in other cities in proportion to the population. 

The amount of water daily consumed by a family is quite varia- 
ble. Where it has been actually measured, it has been found to 
range, in families of similar class, from eight to forty gallons for 
each person. Experiments in the families of the Boston Water- 
Board indicate twenty-five gallons a day, as a sufficient supply. 
Twenty years ago water-works for large cities were constructed 
on a basis of twenty gallons to a person, for total supply. But 
these works have proved quite inadequate to the demand upon 
them, and have had to be largely increased. In fact, it has gener- 
ally been found, that, whatever the quantity of water estimated to 
be required at the time works are begun, the quantity actually 
used is largely in excess. 

According to the published reports, the average daily con- 
sumption in Boston in 1861, for all purposes, was 100 f gallons 
for each inhabitant. Since that time eflforts have been made to 
reduce waste, with such success that the amount used in 1866 
was 61^ gallons for each person. And the City Engineer believes 
that the rate of forty gallons a person would be an ample supply 
for all purposes, if properly used. The quantity originally esti- 
mated to be required for Boston was 28J^ gallons a person. In 
New York, the quantity now distributed averages fifty-five mil- 
lions of gallons a day. On the supposition of one million inhabi- 
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tants, this is fifty-five gallooB to each. Taking the experience of 
Boston as a guide for determining the amount that would be 
required "in Providence, the following tables will assist in arriving 
at the reault. The population of Boston is taken at 102,324 and 
that of Providence at 54,594, in accordance with the census of 
18Ij5. The quantities of water used are those of 1866. And the 
assumption is, that the various establishmeuts pay for their water 
used, in due proportion. This may net be strictly true ; but it is 
the most correct guide that we have, and is auEBciently esact for 
our present purpose. The quantity of water used in 1866, waa 
less than in any other year since 1856, and more than ten per 
cent less than was used in the following year, 1867. 
Average daily quantity of water used in Boston, 12,229,000 gala. 
Of this amount, there was sold by meter (at 3 ots. 

per 100 gallons), 1,070,728 " 

Leaving average daily quantity of unmetered 

water, 11,158,272 " 

For which was paid $342,128.00, or at the rate of three cents per 
year for one gallon per day, or about four-fifths of a cent per ouo 
hundred gallons. 

The unmeasured water was distributed in Boston as shown in 
the following table : — 

(Ji;ANTrTY OP WATER USED IN BOSTOS. 



c3!SSS,. 


ofwwe"?ates 
paid. 


^ DBijy ^^ 


s?s? 




8246,003 

39,867 

412 

4,142 

3,240 

7,512 

47 

688 

2,117 

524 

9,650 

39 

557 

1,249 


8.220,100 

1,328.900 

13,733 

138,007 

108,000 

250.400 

1,567 

22,933 

70,567 

17,467 

321,667 

1.300 

18,567 

41.633 

603,371 






298 


5 hotels 


2 747 


835 restaurants and saloons 


412 
262 


1 020 Btables 


245 




313 


64 churches . 


358 


302 schools 


234 




485 




6,433 








277 




S25 


Sundry establishments 





Total daily eonsamption of unraoasured mater 11,158,272 gallon 
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Applying the foregoing rates to the establishments reported 
by the authorities in the city of Providence, in 1867, we have 
the following results : — 

QUANTITY OP WATER REQUIRED FOR PROVIDENCE. 



No. of establiBhments 

reported in the city of Providence, 

in lb67. 



No. of gals, required 

for each 

ettabiishment. 



Total number (^nUa. 
required daily for 

each class of estab- 
lishments in 1867. 



6,981 dweUings 417 

1,793 stores and shops 298 

16 hotels 2,747 

156 restaurants and saloons 412 

642 offices 262 

667 stables 245 

57 green-houses 313 

53 churches 358 

27 school-houses 234 

8 printing-offices 485 

26 steamboats 6,433 

3 breweries and distilleries. .. . 650 

11 bakeries 277 

14 photographers 925 

Sundry establishments in proportion to population, 
after deducting the amount used for the purposes 

specified below 

Proportionate quantity of measured water 

Add for special uses, as estimated by city officers, as 

follows : — 
Daily quantity required by steam boilers 

** ** " for fire department 

" " " for building purposes 

Total estimated daily average quantity required by the 

city in 1867 



2,911,077 

534,314 

43,952 

64,272 

168,204 

160,965 

17,841 

18,974 

6,318 

3,880 

167,258 

1,950 

3,047 

12,950 



91,631 
304,087 



444,782 

30,000 

100,000 

5,085,502 



Prom the above calculation, which, though the data are neces- 
sarily somewhat uncertain, is the most reliable that can be 
obtained, it will be seen how unreliable are estimates based, as 
is usually done, on the simple numbers of the population. The 
unusual proportion of manufactures and of steam-boilers in 
Providence brings its required amount of water for each inhabi- 
tant nearly 50 per cent higher than that in Boston ; that is, 
according to the above table, 93.i5 gallons a day, under strict 
economy. 
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It should be remarked that in 1866, which year is used as 
the baaia for this eatimate, water was used in Boston with 
unusual care ; and that in previous years, when the inhabitants 
used the water freely, the quantity consumed was nearly fifty 
per cent greater than the quantity used in 1866. Increase 
by fifty per cent the part of the foregoing estimate which is 
baaed upon the careful use of the water, that it may agree with 

> the ordinary practice in Boston, and we have seven million 
one hundred and eighty-eight thousand eight hundred and 
eighteen (7,188,818) gallons required to supply the present 
"supposed demands, or about 120 gallons to each person. 

I assume that the works should be constructed on a scale to 
supply twelve million gallons daily, to provide for the anticipated 
growth in the nest twenty years, with facilities for a large 
increase at a later day. At the estimated demand, twelve 
million gallons will supply about one hundred thousand persons ; 
but, with the strictest economy in the use of water, the future 
increase in the capacity of the works may perhaps be postponed 
until the population shall reach two hundred thousand. It may 
be thought that the eatimates of quantities required are too 
liberal, and that they should be based on the experience of some 
other cities, where a less quantity is used than in Boston ; but 
the character and' habits of the citizens of Providence seem to 
me to accord more nearly with those of Boston than of any other 
large city; and I suppose the citizens will prefer to sustain 
larger works rather than submit to the constant oversight of 
police and inspectors, upon their premises, to see that the water is 
not wasted. I am also governed somewhat by the fact that I 
have yet to learn of the first instance in which the estimated 
requirements of a city have equalled fho actual demand. By 
the general use of meters, the daily quantity required may be 
materially lessened ; but, though there is reason to believe that 
some available meter will soon be devised", it is taking the safer 
course to supply all the water that may be required, if such 
meters are not found, or not used'. It will be unnecessary to 
construct at first all the works which have been planned and 
included in the estimates, from the fact that some time may 
elapse before the entire population will avail themselves of thq 

. water. 
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QUALITY. 

The instructions of the City Council to the Committee, and 
of the Committee to their Engineer, are to report on the best 
source of obtaining a supply of pure water. This demand for pure 
water rests on the universal understanding, that, the purer water 
is, the better fitted it is for common use. Exceptionally, waters 
impregnated with various mineral elements have important uses, 
particularly as remedies for disorders. It is even held by some, 
that, for common drinking, a slight trace of certain mineral salts, 
or of organic vegetable matter, makes water more wholesome 
than that which is perfectly pure. Indeed, the presence of car- 
bonic acid and air in water fresh drawn from a spring gives a life 
to it that makes it more agreeable to drink than boiled or distilled 
water. 

But even if it should be a fact, which we cannot assume, that 
any other than chemically pure water is the most wholesome, 
there is no question, that, for general manufacturing purposes, 
the greatest possible degree of purity is desirable, and that this 
is the safest standard for us to aim at for household use as well. 
For bleaching purposes, for dyeing, and for manufacturing chem* 
icals, the importance of pure water is such as to control the 
location of. their establishments, and give great advantage to 
those which are most successful in obtaining it. For steam-- 
boilers, the importance is too well known to need mention. 

In household economy, besides the question of what is agree-^ 
able and wholesome to drink, and of what is easy to wash with, 
it is important to consider that the waste of materials which 
it is desired to infuse, or dissolve, such as tea, coflFee, soap, 
&c., is very great in hard water. The eflfect of hardness, 
or the presence of lime, in water, is well understood as increas- 
ing the difficulty of washing with it ; but the actual waste of 
soap in hard water is greater than may be supposed. A 
certain quantity is expended in neutralizing the lime before 
the soap will dissolve freely, and make a lather. The loss is ten 
grains of soap to one grain of lime. One grain of lime in an 
Imperial gallon of water, is called V of hardness. In water. 
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then, from the softest well analyzed by Prof. AppfetoD, of 4.80" 
faardnesB, about 50 grains of soup must be wasted in each gallon 
of water; and in that from the hardest well, of 22° hardneaa, 220 
grains, 

At the Bolton-Union Workliouse, England, about $5 a week, or 
about half the former cost, was saved in soap by changing 
from water of 5° to water of 2° hardness, — that is, from water 
similar to the softest well-water in Providence, tested by Prof, 
Appleton, to water similar to that of either of the neighboring 
rivers. Taking the English experiments of Prof. Clark and 
Mr. Donaldson, and assuming that each family in Providence 
uses, from the wells, only five gallons of water per day for 
purposes requiring the use of soap, and that the saving in 
the city by substituting river water for well water, would be 
equal to the difference between the average hardness of the 
well waters and river waters as ascertained by Prof. Appleton, 
we should have an annual saving of $-42,000, to the citizens 
in the item of soap alone, by the pubhc supply of river water. 
Writers upon this subject aay the saving of wear and tear of 
clothes is fully equal to the saving of soap. In the making of 
tea and other infusions of costly material, the loss is very gi'eat, 
from the fact that hard water will not readily absorb the Bavor. 
Mr, Soyer concludes, from his experiments, that the same quantity 
of tea will make five cups with soft water, and but three cupa 
with hard water. He also finds great difference in favor of soft 
water, in the cooking of vegetables and meats, where it is 
desired to soften them, or to abstract their juices. 

No doubt the unsatisfactory quality of the well-water in use 
in Providence and its vicinity is as important a reason for a 
new supply, as the want of a more abundant quantity, or of 
greater ease in obtaining it. 

Of the 3,143 wells in the city of Providence, 599 are reported 
bad or indifferent ; while only 356 are soft; and the remainder, 
2,787, are hard and not used for washing. That not quite one in 
five is reported bad or indifferent to drink, while more than 
seven in eight are too hard for washjng, is probably owing to the 
fact that persons become bo accustomed to the taste of the water 
they are in the habit of using, as not to notice its peculiarity of 
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flavor, unless some opportunity occurs for comparison with pure 
water. And then it not unfrequently happens that the accus- 
tomed impure water is preferred, at first, to that which is eveiy 
way purer and better. 

In the accompanying report by Prof. Appleton, is shown the 
degree of impurity and hardness of twenty-four specimens of 
water from various wells in the city, selected from among those 
generally reported good. The results are given for Imperial gal- 
lons ; but, for the purpose of comparison with other tables, I have 
reduced them to the American standard gallon of 231 cubic 
inches. The very best specimen shows over eleven grains of 
impurity in a gallon of water. And the softest shows nearly 
five degrees of hardness. While the poorest specimen shows 
over eighty-one grains of impurity in a gallon, and twenty-two 
degrees of hardness. The average of the specimens tested 
shows about thirty-three grains of impurity and about eleven 
degrees of hardness. Another table in Prof. Appleton's report 
shows, in contrast, the comparative purity of various rivers 
about the city. From this it appears that the greatest amount 
of impurity in these sources of supply, in Ten-Mile River, is 
2.74 grains in a gallon ; and the least, in Pawtuxct River, aver- 
ages 2.14 grains. The highest degree of hardness is found in 
Ten-Mile River, 0.88 of one degree. The lowest degree of hard- 
ness, 0.58 of one degree, is found in the Pawtuxet River. 

In the following table may be seen the relative hardness and 
impurity of such wells in other places as we find reported : — 



TABLE SHOWING THE QUALITY OP VARIOUS WELL-WATERS. 



LOCATION. 


GRAINS IN 
WINE-OALLON. 


'hardness. 


BT WHOM ANALYZED. 


Hartford 1 


43.60 


10^55 


Prof. Silliman, jun., 1861. 


" 2 


32.16 


13°44* 


B. W. Bull, 1847. 


•• 3 


19.33 


8^39* 


tt It tt 


" 4 


37.10 




(< << (« 


" 5 


69.05 


19^22* 


(( (( (« 


Charlestown, 


26.40 




Dr. A. A. Hayes, 1851. 


Detroit, 


116.46 




Piof. S. H. Doug1a88,1854. 


Manhattan, N.Y., 


104.00 






Average of several others, 


49.00 






Albany, Lydius st., 


19.24 






" av. of several, 


48.69 







• HardoMt MeerUintd by Prof. SilUnuuiJiiii., In 1861. 
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LOCATION. 


wis^^oHlon 


HABD»E8S. 


= r WHO*, ABAt-tZED. 


Albany, Capital Park, 


65.20 






Indianapolis, 


60.00 






NewHaven, av. offiye. 


20.32 






Brooklyn, av. several. 


48.83 






Boston, Longacro, 


56.80 






" Beacon HiU, 


50.00 






" ay. of three, 


44.46 






" Tremont at., 


26.60 






Rochester, av. of several, 


30.00 






Washington, av. of nine. 


16.00 







The following table gives the comparative purity of various 
river and pond waters used or proposed to be used bj cities. 



TABLE OP COUPARATIVB PDEITY OF DIFFEEBNT RIVER ' AND 
POND-WATERB'. 



Sodhce. 


^^^o^^utoi 


GBAINa SOLID 
MATTliB IN 


B» WHOU AHiLTZED. 


Connecticut Kiver, 


Hartford, 


2.56 


Prof. SUliman, 1861 


Lake Coohitaale, 


Boston, 


3.37 


" 1845 


Schuylkill River, 


Philadelphia. 


6.50 




Croton 


New York, 


10.60 




Myatic Pond, 


Charlestown, 


4.08 


Dr.A.A. Hayes 1859 






3.22 


Prof. Silliman, 1862 


Lake Michigan, 


Chicago, 


8.01 




Jamaica Pond, 


Brooklyn, 


4.40 


■■ A.K.Eaton,1859 


St. Charles River, 


Quehec, (av.) 


6.75 


" Silliman, 1848 


Patron's Creek, 


Albany, 


4.72 




Hudson River, 




7,24 




Passaic 


Jersey City, 


7.44 




Jones's Falls, 


Baltimore, 


5.85 


1860 


Potoraao River, 


Washington, 


5.59 


1869 


Genesee " 


Rochester, 


11.21 


1860 


Lake Ontario, 




4.16 


1859 


Burlington Bay, 


Hamilton, C.W. 


7.03 




Ohio River, 


Cincinnati, 


6.74 


J. M. Locke, 1858 


Detroit " 


Detroit, 


5.72 


Prof. Doaglafls, 1854 


Mill " 


New Haven, 


4.00 




Pine '■ 




5.60 




Fresh Pond, 


Cambridge, 


6.32 




Ottowa and St. Lawrence, 


Montreal, 


7.04 




Mohawk, 


Troj, 


7.88 




Pawtuxet, 


Providence, 


2.14 av. 


Prof. Appletca, 1868 



From these tiibles it appears that the average amount of im- 
purity in the well water of which we have analj'aes id about forty 
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grains in a gallon ; while that of river and pond water is about 
six grains, or less than one-sixth the proportion in well water. 

It may be a matter of surprise to some that river water, so 
entirely open and exposed to drainage and other sources of im- 
purity, should be found so pure, in comparison with well water, 
which is supposed to be too deep for any such additions. But, 
in truth, the amount of decaying vegetable and animal matter 
that is carried down into wells ^ from leaky vaults, cesspools, 
drains, &c., is very great, in addition to the decomposing mineral 
matter that is taken up by the water from the strata of rock and 
earth through which it flows. This addition of animal and 
vegetable matter increases largely with the density of popu- 
lation, and is greatest in towns and cities that have not a public 
supply of water, because in such there is less necessity, less care, 
and less facility for ample drainage. It is not the least of the 
advantages of a liberal supply of flowing water that it becomes 
the means of washing away at once from dwellings the sewerage, 
much of which is otherwise left to sink away gradually from 
vaults and cesspools, the denser portions being removed from 
time to time with great inconvenience after poisoning the sur- 
rounding air with its effluvia. The percolations from these cess- 
pools and vaults of privies, spreading year by year over larger 
circles of the subsoil, have invariably, sooner or later, reached 
the water of the wells from which the inhabitants receive their 
daily drink ; and doubtless have been long injurious to health 
before they have become distinctly perceptible or oflfensive to 
the taste. The soil, under this system, becomes after a while 
saturated for a considerable depth with the impurities incident 
to hutnan life ; the rain-water, upon which all wellS depend for 
their current supplies, necessarily reaches these wells after pass- 
ing through more or less of this earth saturated with such impu- 
rities, and imbibes in its course a portion of their poisonous 
qualities. These results are slowly believed in, and are often suf- 
fered to generate malignant forms of disease before being ad- 
mitted. 

It is a common experience, that wells, at first soft, gradually 
become hard, and often obnoxious to smell and taste. But the 
fact is seldom realized that this change is owing to the pene- 
tration into the well of surface water charged with household 
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waste. On the other hand, where ever so small a quantity oi 
decaying matter is seen to enter water, it is difficult to rid 
the imagination of the idea that the whole water becomes 
impure. Thua rivers, where some amount of filth ia known to 
be added to their waters, are often supposed to bo more foul than 
wells into which there may be, in proportion to their quantity of 
water, a thousand times more impurity percolating out of sight. 

Rivers, besides their advantage in the immense proportion 
of water to the added impurities, at points where they would 
be used, have the very important function of ridding their 
waters, in a great measure, of the additions they receive, by 
their continual motion, which tends to dissolve the decomposing 
matters in the air when volatile, or, by the oxidizing effect of 
contact with the air, to favor their dispersion. 

As an illustration of the rapidity of this effect of motion, Dr. 
A. S. Taylor testified before a committee of Parliament, in Lon- 
don, as quoted by Mr. Cheabrough, Chicago Report, that he and 
Professor Cooper put abont half a teaspoonful of "hydro-sulphu- 
retof ammonia, the most fetid liquid that chemists are acquainted 
with," and the foulest that flows from privies, into a bottle of 
water containing some fifty ounces. After shaking, the liquid 
was covered over and allowed to settle twenty-four hours ; after 
which no smell of sulphur remained, and Professor Cooper drank 
a quantity of the water. Dr. Taylor further testifies that in 
running-water organic substances " are very rapidly decomposed 
and destroyed ; the nitrogen is converted into nitric acid; the 
sulphur is converted into sulphuric acid ; so that these fetid and 
putrid substances which go into the Thames from London, when 
rolled about by the action of the water containing an enormous 
amount of air, are all oxidized and destroyed : within a certain 
limit they may be found; but still, after a very short passage, 
tbey are very soon indeed destroyed." " I believe it is the opin- 
ion of every chemist who has considered the subject, that sew- 
age-matter does not remain as sewage-matter in well-aerated 
water; but that all phosphorus, sulphur, and nitrogen are speed- 
ily destroyed by the oxygen in that water. Every thousand gal- 
lons of water will contain forty-six gallons of oxygen, and that 
oxygen destroys all such putrescent effluvia." Sewage matter, 
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'^ with water not exposed to the air, and not containing air/' ^^ia 
most offensive and unwholesome ; but with water containing air 
like the Thames, and exposing an enormous surface to the air in 
its daily motion, the effect is to completely obliterate every trace 
that a chemist can detect." " In the Thames, and other water, 
the air is in a state of solution, the matter in a state of diffusion, 
and thus the air and this fetid matter are in the very condition 
to combine together and form an innoxious compound : it requires 
time and motion, but still it does take place with very extraordi- 
nary rapidity." " By the time the water has passed six or eight 
miles, according to the wind and other circumstances, you have 
a complete decomposition of it," — the sewage matter of London. 

Dams and water-wheels are a means of aerating the water 
of rivers about Providence, and it may be presumed that these 
rivers naturally contain as much air as the Thames. 

Dr. Taylor gave an illustration of decomposition as follows : 
" When manure is put upon a cucumber-bed, it is not the offen- 
sive or putrefying matter which goes into the cucumber or 
melon, but there is a chemistry going on, by which the elements 
of animal matter are converted into new substances, and go into 
the vegetable in a different state ; there is a process of oxidation 
and incorporation. And a similar process takes place upon the 
mixture of the sewage-matter with the water, but to a much 
greater extent." 

It is in the process of decomposition that organic matter is 
offensive to taste and smell. When the process is completed 
some of the elements are volatilized and escape into the air, while 
others are precipitated as salts, in new combinations, to the bot- 
tom of the water. Even the turbidness of rivers has its advan- 
tage in furnishing a coarser material that entangles and gathers 
the finer impurities, so that after settling, or filtering, the water 
will be all the purer and brighter. " The more turbid the water 
is, the quicker, in my experience, will it clear itself." [J. T. 
Cooper, testimony before committee of Parliament.] The effect 
is analogous to that of settling coffee by the addition of egg or 
fish-skin. 

But, whatever water is taken, it is not necessary to deliver 
it in the same condition in which it is drawn from its source. 
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In the first place, it shonld be allowed opportunity to settle in 
a Btil! basin, or reservoir, -when a large proportion of whatever 
aaspended matter may be in it will sabaide. After this aub- 
Bidence, it is not uncommon iu other countries, if waters of 
much impurity are used, to make them pass through filter-beds, 
constructed mostly of sand and gravel. The eff'ects of this 
filtration are greater than might be supposed. It has been 
found, by careful experiment, that such filters remove from the 
water nearly all the suspended matter, a portion of the organic 
matter in solution, and even a considerable proportion, varying 
with the degree of impurity, of the soluble salts. In regard 
to any of the waters recommended for the supply of the city 
of Providence, the amount of soluble matter in them is so very 
emal), so much less than in the best of weils, that it would seem 
to be superfluous to filter them for the sake of reducing tliis 
amount. And, so far as practical utility is concerned, the same 
may be said of separating the small amount of suspended 
matter left after passing the settling basin. But, in case extra- 
ordinary purity should bo desired, the plans submitted embrace 
provision for filtration which naay be adopted or not at pleasure. 

A filter bed ordinarily contains sufficient area to pass all the 
water required through the filter at a rate of from seventy-five 
to one hundred gallons a square foot in twenty-four hours. 
This, for the quantity proposed for Providence, would be from 
two and three-fourths to three and two-thirds acres. For water 
as pure as that proposed for Providence, undoubtedly a smaller 
area would be sufficient, even to allow a portion of the area to 
remain idle successively for cleansing. 

The filter is composed of a layer of sand resting on fine 
gravel, and this on coarser grave! or broken stone, in which are 
laid perforated pipes to collect the water after filtering. The 
whole thickness of sand and gravel I should make about five 
feet. The surface of the water should be kept several feet 
above the sand, and it should run through at the rate of about 
eight inches an hour. It maybe run much faster; but the 
filtering effect increases with the time occupied, and the above 
rate is thought to be the best for economy and efficiency. The 
surface of the sand collects most of the impurities; and this 
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must be scraped or washed off from time to time, as the accumu- 
lation of deposit makes it necessary. 

Such filter beds are used when the water has a largo amount 
of impurity, as at Chelsea, England, where the foreign matter 
amounts at times to more than sixty-five grains in a gallon. In 
these filters the upper layer of fine sand is renewed about every 
six months, but the body of the filter had been in use for about 
twenty years at the date of my information. When there is 
less impurity, a more economical process is sometimes adopted. 
The water is passed through a filter, or strainer, of coarse sand, 
or very fine gravel, which " allows the water to flow through it 
with great rapidity into the mains, but completely entangles 
and obstructs all those fine fibres which are the result of vege- 
tation, and also takes out all leaves, and things of that kind, 
which may hi«f}pen to blow into the reservoir." By reason of 
the much greater rapidity of flow through this coarse filter, the 
extent may be very much less, and the cost comparatively 
trifling. If those who decide the matter for the city of 
Providence, shall conclude that the more economical and 
coarser filter is sufficient for their purpose, they may rest satis- 
fied in the assurance that they will, even in that way, have a 
water purer than is obtained in almost any other city. 



ECONOMY. 

To supply the wants of the city, the water must be distributed 
to all parts under an available head somewhat exceeding the 
height of the buildings. The best plan for distribution, which 
may vary somewhat with the source of supply, will be considered 
elsewhere. At present we have to consider only the economy 
of bringing into the city the supply demanded, at the requisite 
head. Two elements are to be observed in regard to the move- 
ment of the supply, the horizontal distance which it is to be 
brought, and the vertical height which is to be obtained; But 
no other power than what is necessary to overcome friction is 
required to move water horizontally, for which a slight descent 
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is anfficient. Or, in other words, by aasuming an additional 
height of, say, one and three-tentha feet in a mile, dependent 
on the relative size of conduit, we can omit the consideration 
of horizontal distance, so far as power ia concerned. But, as a 
matter of economy, the horizontal distance remains a very 
important element, by reason of the aqueduct necessary. 

The least possible expense of supply would be when the water 
was actually found at a sufficient head in the centre of the city. 
The moment we have to leave this centre for a supply, or to 
take it at a lower point and riiise it to the height required, we 
begin to count cost. In one case, there ia the cost of aqueduct; 
in the other, the cost of power. The problem of economy, then, 
must embrace these two factors. 

To be of equal economy, the cost of a certain excess of dis- 
tance of a high source over a lower will be equal to the sum of 
which the continual cost of pumping from the lower source to 
the height required equals the interest. This distance in excess 
varies somewhat with the quantity of water to be supplied, the 
location of the aqueduct, the cost of power, &c. In the present 
case, faking the quantity of water required at twelve millions 
of gallons per day, the location of the aqueduct an average 
location inland from Providence, and the cost of power at 
present rates, the excess of distance which water could he 
brought, and the interest on the cost of the aqueduct not 
exceed the principal of the cost of pumping, would not bo more 
than eight miles. This estimate is based on the supposition that 
the water itself costs nothing in either case. 

But, in point of fact, water at an elevation is valuable prop- 
erty, especially in such a neighborhood as that of Providence, 
where every foot of water privilege is turned to account in 
mannfactnring. The power of fiilling water is the same as the 
power required to raise the same quantity to the same height, 
less friction and waste ; and its value to the mill-owner would 
not be less than its equivalent in steam-power. 

Taking our amount required as twelve roillions of gallons, at 
the height of one hundred and sixty feet above tide-water 
in the city, or, to allow for friction in the most economical 
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aqueduct, odo hundred and seventy feet height at eight miles 
distance, and in a natural water-course it would be equal to 
about 516 ciTective horse-power. Making the necessary deduc- 
tion from the cost of eight miles of aqueduct for the cost of this 
power, and we have as the actual length of aqueduct which 
economy would allow us to build, in order to secure the head 
required, four miles. 

In choosing among the various sources of supply, in point of 
economy, wo seek first, nearness; second, heigM of head, within 
a variation of four miles ; third, cheapness and convenience of 
privileges and territory ; and, fourth, exemption from unfavorable 
contingencies, — that is, security in construction and future opera- 
tion. 

The question may arise in some minds whether the public 
good will be best served by the introduction of water at the pub- 
lic expense, or at the expense of private companies. Certain 
general considerations would, on their face, seem sufficient to 
determine this question. Pure water is as universal a necessity 
as pure air. There is no individual in the community who may 
not receive direct, personal benefit from the introduction of a 
purer and more abundant supply of water. Then the need 
of water for the more public uses is very great, almost suffi- 
cient in itself to warrant the expense of its introduction at the 
public charge. Thus there would seem to be no question that 
the enterprise is sufficiently public in its nature to make it a 
proper one for a city, in its corporate capacity, to assume. On 
the other hand, if it should be intrusted to a private company to 
accomplish equal results, there must be provided by the com- 
pany an equally extensive system of supply and distribution. 
Por this, the city must grant extensive, if not exclusive, rights, 
such as cannot be safely granted to private hands except with 
ample provision for forfeiture. Indeed, it would be out of the 
question to intrust to private hands the total supply of water for 
the inhabitants, except with the clearest provision for the imme- 
diate and absolute control by the city on occasion, and for constant 
regulation as to the nature, amount, and cost of supply. In other 
words, the control that the city must retain would be such as to 
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limit the functiona of the company nearly to those of a puhlio 
■water-board, with the exception, that ou the company would 
rest the risk of the enterprise, the chances of loss or of gain. 
This risk, it must be observed, would be greatly iucreased by 
the dependence of the company on the future actioD of the 
city. 

Now, as the coat of the works and of the running expenaea may 
be counted aa the same in either case, — there being no good 
reasonibr any difference, — it is obvious that a large profit must 
be paid to any private company to induce it to assume the risk — 
a profit that would be saved to the consumera by their bearing the 
risk that properlj' belongs to them. Or if it be assumed, aa is 
often done, that a private company with a sharp eye to profit would 
make such a saving in the expense of the works as to get suffi- 
cient profit in that alone, we are driven to ths still greater objec- 
tion, of the uncertainty of works constructed with a view mainly 
to present profit, with the possibility of disastrous defect hereaf- 
ter. But it does not seem necessary to argue these points. 
The practical adoption and good working of the public system 
of supply in other large cities must have more weight than any 
'theoretical argument. In fact, where the other policy has pre- 
vailed for a time, it has often been found necessary, at a later 
day, for the pulilic to assume the works constructed by private 
hands ; and, in such cases, aa would be supposed, the works have 
been found wanting in adaptation to the gi'owing needs of the 
i to be abaodoned, or increased at heavy 
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community, e 
loss. 

As an instance, we may refer to the city of Salem, Mass., where 
the following conclusion was arrived at by an intelligent com- 
mittee who carefully considered the question of whether water- 
works should be undertaken by a city corporation or intrusted 
to private parties: — 

"A libera! supply of water is of vital importance to every city 
of considerable size. It should be furnished in the most free, 
full, and economical manner. Its control should never be given 
to those who have an interest in making it expensive; but ita 
managers should be in a position, where they have only the pub- 
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lio welfare to regard, and where they are responsible to con- 
Bamersy rather than to venders." ^ 

Adopting these views, the city applied to the Legislature for 
a charter to introdace water at the public expense ; but the pri- 
vate corporation which had been constantly furnishing the citi- 
zens with water, under a charter granted in the last century, 
opposed the application, desiring to have their own powers en- 
larged and capital increased. The views of the city committee 
were clearly sustained before the Legislature; and a charter 
was granted, under which works are now in progress and nearly 
completed. 

Previous to examining the sources and modes of supply open 
for the city of Providence, it may be well to note in the follow- 
ing table the means adopted in other cities of the United States. 
It appears that there are now but four cities in the Union, in- 
cluding Providence, of over 20,000 inhabitants, by the last U. S. 
Census, without a public supply of water, and but one, besides 
Providence, of over 30,000, namely Milwaukee, where, we learn, 
preparations are now being made to supply the want. It will 
be observed also, that of the whole number of cities supplied^ 
of which we can learn the means, but thirty-three have a natural 
head of water, and the remainder, fifty-one, use pumps ; and that 
fifty are supplied from rivers, twenty-one from ponds or lakes, 
and fourteen from springs. 

Of the cities having more than thirty thousand inhabitants, 
but seven are supplied by gravitation, and sixteen are supplied 
by pumping. Sixteen are supplied from rivers, four from ponds 
or lakes, and two from springs. 

Newark, N.J., though now supplied by gravitation, as shown 
in the list, is to have new works completed in 1869, when the 
supply will be pumped. A few places which are supplied mainly 
by gravitation are also partially supplied by pumping. 
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SOURCES. 

Having considered the quantity and quality of water to be 
desired, and the general principles which govern the economy 
of its introduction, we proceed to investigate the sources from 
which it may be obtained. 

Let us first survey, briefly, the entire field of water-supply. 
Directly or indirectly, all water comes from the clouds. Its 
course is indeed that of a circle, any point of which we may 
take as the point of beginning. But on the earth it is more 
divided in form, and it may be viewed as a whole most simply 
and comprehensively, as at the initial point, in the form of atmos- 
pheric vapor or cloud. 

Condensing in the clouds, the water alights on the whole 
surface of the ground with considerable evenness. The depth 
of water deposited in the neighborhood of Providence averages 
about 41.71 inches a year. The least depth within thirty-seven 
years was 30.5i inches, in 1846. The greatest was 55.i7 inches, in 
1863. Alighting on the surface, what the ground can absorb 
readily, sinks in, a portion remaining near the surface, to be taken 
up by vegetation, or evapomted directly to form new clouds, and 
another portion sinking to swell the volume that saturates the 
porous strata resting on the underlying rock ; while the surplus, 
which does not readily pass off in these ways, glides over 
descending surfaces, or, passing through them, reappears at lower 
points, and forms little streams, brooks, ponds, and rivers. From 
all these, there is a constant return by evaporation to the atmos- 
phere, and the remainder replenishes the ocean, which is the 
great reservoir, or caldron, for the distillation and return of 
the water to the clouds. 

Our question is, at what point in this circulation of water to 
arrest its progress, and turn it to our use. We note that it8 
highest point of purity is in the clouds, whither the minute parti- 
cles, rising invisible from the surface of the earth or ocean, have 
been borne freed from all impurities. Condensing and descend- 
ing, the rain or snow first washes clean the lower atmosphere, and 
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then falls in a purer state than we can elsewhere find it. There ia 
no water to be found, except by artificial distillation, so pure as 
that which may be collected from rain, after enough has fallen 
to cleanse the air of dost, smoke, carbonic acid, &g. On the 
Bnrfaca of the earth, it continually gathers vegetable and animal 
impurities. 

That water which percolates through the earth, into deep, porous 
basins, is filtered of most of its animal and vegetable impurity; 
and, in case the filtering material contains no soluble mineral 
matter, the water may become as pure as when first dropped from 
(1)0 clouds, though practically seldom, if ever, so found. For 
the most part, the water that flows through earthy strata finds 
various mineral salts, which it takes up in solution, and holds 
with great tenacity. Hence, with rare exceptions, the deeper 
in tho earth that water ia found, in a given location, the more 
mineral salts it contains. 

The maximum of ordinary mineral impurity is found in the 
ocean, whither the salts are borne in small quantities by rivers, 
and are left to accumulate, while the waters that bore them 
are lifted to the clonds. The purest natural water known ia 
that of the Kiver Loka, in northern Sweden, which contains 
only ^Q of a grain of mineral matter in an Imperial gallon. 

On the score of purity, then, we should look first to the 
falling rain, and last to the ocean, or very deep wells; and if 
obliged for feasibility to take water that is not satisfactorily 
pure, and to purify it, we should take that by preference which 
has only vegetable and animal impurity; as this can bo more 
easily removed by filtration than mineral accretions. 

To obtain the water required, by saving the rain-fall on the 
city area, is out of the question, for the several reasons, that 
the area is not sufficient to collect the quantity required, 
if all that falls could be saved ; that the rain-fall could not be 
collected in the city with sufficient purity ; and that it is actually 
necessary in its present service of washing the houses and streets. 
To use what water is collected from this and other sourcea 
after filtration through the upper earth strata of the city, ia 
what is done by the ordinary wells. That these are lamentably 
deficient in purity, is shown by Prof. Appleton's analyses, while 
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the quantity is unequal to the demands of a prosperous manu- 
facturing city, and is growing less as the city streets and areas 
are more generally paved. 

The same is true in regard to deeper or Artesian wells. Bat 
as these are not so generally known, and as there exists a vague 
idea of the possibility of obtaining an unlimited supply of the 
best water by only sinking a well deep enough, it may be 
well to state some facts on the subject. • 

To rightly apprehend the conditions of water underground, it 
is necessary to picture to the eye the surface of underlying 
primitive rock, stripped of all loose stone and earth that now lie 
upon it. According to the particular locality, it would be found 
to have all the unevenness of upper surface, with hills and valleys, 
gorges, and basins, even to ocean depth. Over this surface, 
water is distributed with constant accretion from higher points, 
and gradual descent towards the lower. As on the upper 
surface, wherever is a ravine, a hollow, or a basin, there water 
runs, and is held. But these hollows are not empty of all but 
water under ordinary circumstances. They are filled with rock 
of later and looser formation, or with beds of rock fragments, 
gravel, sand, or clay, in the pores and crevices of which the water 
stands. Upon these beds or strata, lie often other beds or 
strata of different nati^re, to greater or less depth, and contain- 
ing more or less water, according to their situation and nature. 

Providence is situated in a basin of the primitive rock, 
eiLtending northward ipto l^ssachusetts, and at Providence 
about twelve miles wide. The greatest depth of the basin is 
estimated by Dr. Jackson to be about one mile. This basin is 
filled with another rock, varying in character from conglomerate 
slate to gray-wacke and gneiss, and described by well-borers as 
impervious to water, except in its fissures. A smaller basin in 
this slate rock, of about two miles width, extends from Fenner's 
Ledge and Olneyville to the stone-quarries in North Providence, 
including the site of the city, but interrupted by the high ledgy 
ground on the east side, which rises like an island above it. 
This basin is of 150 to 200 feet, greatest depth. At the bottom 
is a hard, clay, alluvial deposit, covered with a softer diluvial 
deposit of sand and gravel. Artesian wells are mostly sunk 
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through the bed of clay into the elate rock. Some of them are 
on the borders of the clay basin, and are sunk wholly in the 
rock. Others, in the deepest part of the basin, have not quite 
reached its bottom. In some the water rises above the surface 
of the ground, in others it stands at varying distances below. 
The greatest supply of which we have learned, from any one 
well, is from the one on Fountain Street, 126 feet deep, the 
last eighteen feet being in rock, — which gave to the pumps at 
first, 60 or 70 gallons a minute. The well, however, was soon 
abandoned, and is now used only to supply a stable. Another 
well, on Eagle Street, of 170 feet depth, 40 feet in rock, at first 
ran over at the rate of 40 gallons a minute, and continued so for 
nearly three years, when the supply failed, and the river was 
resorted to in its stead. 

The practical results from these Artesian wells coincide with 
what would be our judgment from the geological formation. 
The compact hard-pan holds a moderate supply of water, limited 
by its compactness, and by its limited extent of raiu-fal^. The 
total rain-fall on the whole clay basin, if all could be collected, is 
not sufficient to supply the city. The slate rock ombraoes a 
larger area, and supplies a larger quantity of water. But this 
supply is limited to the capacity of the fissures, and is not to be 
depended on. It is impossible to estimate the quantity of water 
which is retained in these fissures, and which might be made 
available if all reached by wells. But ifc is obvious that to draw 
twelve million gallons a day would require many wells, scattered 
throughout the basin, to purap from all of which would, in itself, 
be very expensive; and experience in other places has proved 
that such a basin may be soon exhausted. 

This view of the precarious nature of Artesian-well supply is 
confirmed by the following facts and opinions, derived from the 
best available authorities : — 

Messrs. Rawlinson and Smith, in a report on the supply of Bir^ 
mtngham with water, say, in regard to Artesian wells, that " There 
must be a peculiar configuration of strata to give facilities for the 
formation of an Artesian Well, — that which iu geology is known 
as a basin formation ; and even in a geological basin there must 
be a peculiar order of strata, — impervious clay above, and sand, 
or other highly porous water-beaiing strata, bolow. 
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discharge about 20 gallons per minnte, water salt, tempentmna 
87^ FaL 

'' The well at Jackson, Mich., is over 2,000 feet deep, no water, 
and is abandoned. 

" There is also a deep well at Columbus, Ohio, and another 
at Tiouisville, Kentucky, and hundreds of others scattered over 
the United States, which have no special significance." 

The temperature of the Chicago wells was at first 59^ FalL, 
but has fallen to 57^, and is still falling. 

In districts where good Artesian wells are obtained, the re- 
sults of boring are sometimes uncertain. Instances are very 
common where some borings will find water, and others near 
them, and even deeper, will not find it. Many deep and expen- 
sive borings have been made in places promising good results 
without obtaining water at all. 

But if it were possible that the quantity of water attainable 
by Artesian wells in the City of Providence should prove sufii- 
ciont, the chances are that the quality would be very inferior. 
The fresh water found within the crust of the earth, or which 
issues from it in springs, is the result of rain-fall or condensation 
of vapor. The whole must have passed from the surface ; and, 
as a rule, the deeper the well the more mineral matter the water 
will contain. 

Messrs. Bawlinson and Smith speak of water at the depth of 
several hundred feet from the surface, near Manchester, as being 
" impregnated with mineral as strong as brine." The some was 
found to be true near Sunderland, at a similar depth. 

Hughes gives the following in regard to water in the Trias 
and Permian groups : '' 1st. That water abounds in the drift 
gravel covering the New Bed Sandstone and the Penman Bocks ; 
but this is only sufficient for private domestic supply on a small 
scale, and cannot be depended on for the public supply of large 
towns. 

'' 2d. That the water in the superficial drift is usually very 
impure, containing sulphates of lime and magnesia in large 
quantities, and being frequently, in towns, much contaminated 
with organic matter." 

The water from the Artesian wells at Chicago was analyzed 
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b7 Dr. F. Mahla, and " a gallon found to contain 71.m Troy 
grains of solid mineral BubstanceB in solution." The river- 
waters uear Providence contain only about two and one-half 
grains of mineral and organic matter together, 

The returns made by the police show that of the three hun- 
dred and sixty-seven families supplied by Artesian wells in 
Providonco, "one hundred and oighty-five families consider the 
water of very inferior quality." lu general, the water is hard 
and unfit for steam-boilers by reaaou of containing salts of lime, 
&c., as would be expected from its percolating through rock in 
which there is more or less limestone. Thus it appears that 
there is no encouragement whatever for expecting to obtain a 
satisfactory quantity or quality of water from Artesian wells 
in the city of Providence or its vicinity. 

Concluding, then, that it is impracticable to secure our water- 
supply from tho rain-fall in or about the city itself, we must go 
into the country, and seek there the moat available collection 
of rain-fall for our purposes. 

Calling tho lowest annual depth of rain-fall to be anticipated, 
thirty inches, it would require an area of about eight and one- 
half square miles to receive the amount, equal to twelve million 
gallons a day, which we desire to secure. But it is impossible 
to collect all the water that falls, the proportion actually lost by 
evaporation and absorption being not often less than one-half. 
Tho average found collectable at Lake Cochituate during four- 
teen years is forty-six per cent. In one year, it was as low as 
twenty-five per cent. On the Mississippi and its tributaries, it 
has been found varying from fifteen to uinety per cent. 

And, again, we cannot always save and store for use all that 
is collectable ; much of what falls in tho rainy months is lost by 
overflow, unless there are storage basins largely in excess of 
the usual supply. It would aeem therefore hardly safe in 
extreme eases to count on saving for use twenty-five per cent 
of the total rain-fall, were it not for the wide-spread under- 
ground storage or water-table, which, though not easily measured, 
bocause of the varying degree of pcrviousness in the strata, has 
a very important part in the actual results. It is probable that 
during the dry months the entire i-ain-fall, and more, is often 
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evaporated and lost from the surface ; but carofnl measnremenh 
of the flow of streams at dry times have shown that the Tirater- 
table, or under-ground storage basin, supplies a quantity equal 
to about twenty-eight per cent of the rain-fall, thus acting as a 
regulator, storing water in times of freshet, and giving it out in 
times of drought. 

With this in view, I count on twenty-five per cent as a safe 
basis, and find a drainage-area of thirty«four square miles 
to be the least that should be looked for to supply the city of 
Providence, under favorable circumstances of collection and 
storage; though with this area we should ordinarily have a 
supply largely in excess of our demand. 

Looking now at the whole district extending fifteen or twenty 
miles from Providence, we find the rain-fall drained towards the 
city by the Blackstone, the Moshassuck, the Woonasquatacket, 
and the Pawtuxet Bivers, in Rhode Island ; and by the Ten- 
Mile Biver, mainly in Massachusetts. 

To know the capacity of a source of supply we have two 
guides, — the actual amount of water flowing at a given time, 
and the drainage-area from which it comes. When the actual 
flow is obviously far in excess of our demands, we need look no 
further ; when it is plainly less than is required, it needs no 
further consideration ; but when it is near enough to the amount 
required to cause doubt, a calculation of the drainage-area will 
assist in settling the question. 

Examining now the flow of water from the land around 
Providence through its final channels, the Blackstone, the 
Moshassuck, the Woonasquatucket, the Ten-Mile, and the Paw- 
tuxet Bivers into the Bay, and looking to see at what point 
near the city we can tap their waters and obtain the quality 
and quantity of water we desire, we find an ample quantity in 
each of them, the Moshassuck alone excepted, at a short dis- 
tance above their outlets. The total drainage area of the Mo- 
shassuck is but twenty square miles, or about half what is re- 
quired. The drainage-area of the Woonasquatucket is about 
forty-eight square miles, and its flow is undoubtedly sufficient 
near the mouth, though other considerations are not in its favor 
as a source of supply. The Ten-Mile Biver has a drainage-area 
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of fifty-tbree sqnaro miles, abd an ample flow of satisfactory 

Water at a distance of three miles fl-om the City Building. The 

I flow of tbe Blackstone is so abundant as to make a particular 

I examination of its drainage-area unnecessary. By tbe state map 

of Masaacbuaetts tbe area is seen to exceed three hundred and 

I Bixty square miles, above Pawtucket. Its waters can be obtained 

satisfactorily, and of good quality, within five miles of tbe Citj' 

uilding. The Pawtuxet has an abundant flow of water that is 

of excellent quality, at a distance of six and one-fourth miles 

from the City Building. Its drainage-area, above the point 

proposed for taking our supply, is nearly two hundred square 

miles, as estimated from the map of Rhode Island. 

We have thus at least three satisfactory sources of supply 
within seven miles of the city. Before conaidoring in detail 
their respective merits, it is proper to look beyond them, and 
see if there is any source of sufGciently superior merit to justify 
tbe additional cost of the greater distance. Notbiug more 
is to be desired in respect to quantity. We have seen that 
nothing can be gained in economy by going more than four 
miles farther for a higher head. The necessary bead cannot 
be found within that distance of the points proposed for taking 
the water, on either of the rivers mentioned. Tbe nearest 
point at which our required height can be obtained is on 
tbe north branch of the Pawtuxet at Hope Village, twelve 
miles from the city, or six miles farther than tbe most satis- 
factory point for taking the Water from tbe same river by pump- 
ing, and nine miles farther than from the Ten-Mile River. No 
economy, then, can be gained by any high river head, because 
of its distance. But is there not some pond ur natural ro'ser- 
Toir wbicb may compensate for its distance by high head and 
superior quality ? 

To oar fancy, water in a still, clear pond, looks purer than in 
a rapid river where we know it has passed through water- 
wheels and received more or less sewerage. In point of fact 
or of chemical analysis, no purer water in large quantity is to be 
found than that of rivers. The Pawtuxet, for instance, a mile or 
two below the Pontiac Mill, contains but 2.n grains of impurity 
per gallon, and its hardness is but 0.w of one degree. We 
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should not, therefore, expect any real advantage in qnalitj from 
a pond, wore sach an one as we should require at hand. But, 
in fact, we find no pond or natural reservoir of fresh water 
within twenty miles of Providence that would furnish an eighth 
of the supply required. We need a supply of twelve million 
gallons a day with a capacity for increase beyond that. For 
this minimum, we assume that a drainage-area of at least thirty- 
four square miles is necessary. 

Of the largest ponds, Wallum Pond has a drainage-area 
of 3.9 square miles, and, at the time of observation, delivered 
no water. 

Moswansicut Reservoir has a drainage-area of 3.5 square miles. 
It was being drawn upon for the mills, and delivered about two 
and one-quarter million gallons of water per day when examined. 

Carr's Pond, drainage-area I.2 square miles, delivered no 
water at time of examination. 

Olney's Pond, drainage-area I.05 square miles, delivered none. 

Mashapaug Pond, drainage-area less than one mile, delivered 
two hxmdred and fifty thousand gallons. 

It is evident, therefore, that the rivers furnish not only the 
best but the only available source of supply. 



WOONASQUATUCKET. 

The Woonasquatucket River has a less drainage-area than 
the •Ten-Mile River: it fiows through a country less favorable 
to uniform flow of water, and more likely to furnish foreign mat- 
ter. 

The water, except in freshets, is wholly used by the various 
establishments upon it, for some of which it is more valuable 
than merely as power ; so that, if the city should require the 
entire supply of the river, full compensation could not be made 
to the owners below by merely supplying an equal amoxmt of 
steam-power. 

A much larger amount of refuse-matter, in proportion to the 
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flow of water, is emptied into it than into the other rivers ; and the 
sewerage from the numeroua villages could not have time to be 
decompoaed before reaching the point at which the water wonid 
be taken. The construction of filter beda would be attended with 
great cost ; and other expenses would probably be heavy. 

Besides these unfavorable features, the capacity of this river, 
estimated by its drainage-area, ia not morethan we should desire 
as a liberal allowance for a supply for twenty years to come, and 
cannot be safely calculated on for future extension. The pre- 
liminary survey not developing this as, in comparison with 
others, a favorable source of supply, I have not continued the 
examination, and have, therefore, do plan to propose for taking 
its waters into the city. 



SEEKONK RIVEit. 



The lowest point possible for taking the waters of the Black- 
stone and Ten-Mile Rivers, and nearest to the centre of the city, 
ia the basin called the Seekonk River. At present, this is a 
tidal basin. To convert it into a fresh-water reservoir, it will 
bo necessary to construct a dam to shut out extreme high tides. 
At Red Bridge, such a dam would be 600 feet long, and in 
places 44 feet high, on a soft bottom, in water at ordinary high 
tide 40 feet deep. A large ship-lock must be built through 
the dam to accommodate the passage of vessels to and from 
Pawtucket. The amount of water-power to be obtained at 'the 
dam would be sufBcient in time of freshet to raise the water 
required by the city into the distributing reservoirs ; and, in 
time of drought, it would furnish about one-fifth of the power 
required for that purpose. But the power thus gained ia no 
more than tbo power destroyed at Pawtucket, Omega, and Ingra- 
hamville, though in time of freshet it ia not now all made avail- 
able at those points; and the damage to be paid to mill-owuers 
at those places must include injury to machinery and mills in 
addition to the value of the power. 
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The wharves at Pawtocket would be overflowedi and would 
need to be raised. George P. Wilson's River Factory, the 
Brick Yard and the property at Ingrahamville, all on the east 
side, would suffer some damage. The land damage would prob- 
ably be slight. 

To make the best use of the power got at such disadvantage, 
water-motors of sufficient power to do the whole work must be 
provided for use in time of freshet ; and, in time of drought, steam- 
motors to within twenty per cent of the whole power must be 
Qsed. That this arrangement would be expensive and compli- 
cated is evident. 

The basin is generally shallow ; and the bottom is now covered 
with black mud to the depth of six to eight feet, which, under the 
flow of tide-water, is brackish and fetid. To make the basin a fit 
storage reservoir, it would be necessary to remove the present 
accumulation of mud, at an expense, probably, of $2,000,000, 
and to repeat the operation as often as becomes necessary. 

The scouring effect of the ebb tide in the harbor would be 
lessened materially by cutting off the tidal-basin above Red 
Bridge ; and the current would probably be changed from one 
able to carry along its suspended matters, to one that would 
allow deposits. Thus the harbor might receive serious in- 
jury. 

All these expenses and disadvantages exceed by far the 
only advantage which I see in taking the water at so low a 
point, namely, the saving of length of aqueduct. I conclude, 
therefore, that it is not desirable to take the Blackstone waters 
below Pawtucket ; and I present no detailed plan for that pur* 
pose. 



PLANS PROPOSED. 

Coming now to present in detail such plans for supply of wa- 
ter as I find really practicable and satisfactory, — namely, from 
the Blackstone at Pawtucket, from the same at Scott's Pond, from 
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fen-Mile River, and from the Pawtuxet River, — it may be well 

to premise some of their common features and requirements. 

The ordinary requirements of water-distribution in a city are 
Bufficiently well eBtablished in tlieory and practice not to need 
much study. 

An ample fonutainrhead ; a conduit or pipe to the city ; large 
main pipes, like large arteries, through central lines in all the 
districts to be supplied, with a net-work of smaller branch pipes 
through all the streets, make the ordinary, natural distribution. 
To this must be added, in caeo the original source is not of 
BuiEcient elevation, a distributing reservoir of the required 
height, and pumps to fill it. In fact, a diatributing reservoir ia 
used as an oqualiaer whenever the fountain-head is fur distant. 
Different circumstances affect the proper position of tho distrib- 
uting reservoir, which is to be supplied by pumps. Convenient 
high ground is a controlling element. Then the pumps should 
be as near as practicable to the reservoir. Thoa, in two of the 
four plans presented, the reservoirs are placed near the source, 
at a distance from the city. In the other two, they are within 
the city limits : in one case, because of the nearness of tlio source 
and of the absence of any other convenient high ground; and 
in the other, because of this absence, and because, though the 
source ia distant, its water has natural head enough to bring it 
into the city to pumps near the reservoir. 

In supplying the City of Providence, there is this peculiar 
circumstance, requiring peculiar arrangements. There are 
three principal levels in the city, with considerable difference 
between them. First, there is tho lower level, in the neighbor- 
hood of the river, on which is the most of tho business section 
of the city. This may be called, at an average, 10 feet above 
bigh-water level. Next, there ia a large district on both aides 
of the rivor, but most extensive on the .south, the level of which 
may be called 75 feet above high water. Lastly, there ia a dis- 
trict on Prospect Hill, of limited extent, but necessary to ho 
supplied, tho height of which ranges from, say, 90 to 200 feet 
above high water. It is obvious that there would be no 
economy, but loss, in procuring a head sufEcient to supply this 
highest xwrtioQ of tbe city, for the water to be distributed ou 
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the lower levels, besides entailing endless troubles from the 
strain on pipes and faucets, or extraordinary expense for strength. 
But I find that it would not be economical to make any 
distinction between the two lower levels. I propose, there- 
fore, to supply all the city below the level of about 90 feet, 
from a reservoir of about the height of the junction of Hope 
and Olney Streets; that is to say, with a head of about 156 
feet above high-tide. 

If the water should be taken from the Blackstone through 
Scott's Pond or from Ten-mile River, I would place this lower- 
service distributing reservoir at the above^nentioned place, 
[f it should be taken from the Blackstone River at Pawtucket, 
I would place this reservoir on the high ground south-west 
of Pawtucket, three miles from the City Building ; and if the 
Pawtux^ River should be the source of supply, I would place 
the reservoir on Sockanossett Hill, five and four-tenths miles 
from the City Building ; for the reason that a reservoir in the 
city would be too far distant from the necessary location of the 
pumps, near those rivers, for easy and economical action. In 
either case, the height of water from this lower distributing 
reservoir, at a distance from the city centre equal to that 
indicated for a city reservoir, would be between 150 and 160 
feet. Then for the high service, I would place, in either plan, 
a smaller reservoir near East Turnpike, opposite Doyle Avenue, 
the high-water level of which would be 230 feet above high tide. 
This would be supplied by pumps located at the lower reservoir, 
or at the nearest point of one of the main pipes. 

In every plan that has been deemed worth serious consid- 
eration the head of water at the source is considerably less than 
that required for the lower service. Thus on every plan it is 
necessary to supply this deficiency of head by pumping. It is 
most economical of power and of constructive cost to locate the 
pumps near as may consistently be to the reservoir which they 
supply, and to depend on the gravitating flow to bring the 
water its horizontal distance. 

These general statements will assist an understanding of the 
different arrangements proposed in the different plans. In general 
character of construction the plans are the same, and their total 
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estimates are intended to exhibit fairly the respective coat of 
equivalent works. The basis throughout has been that of ample 
estimates for the most substantial and durablo construction, 
without any allowance for idle display or Deedless waste. The 
expense of the work, in many portions, will depend materially on 
the character of the ground, which cannot be ascertained until 
the work is in progress. In all cases of doubt, I have intended 
to estimate for the worst contingency. It is therelbre probable 
that, in actual construction, many things included in the estimatea 
may be omitted, or made less expensive. For cost of steam-power 
in pumping, the experience of water- works in operation in other 
cities is taken. For pumps, estimates are based on propoaala 
from the best makers. For pipes, we take cast iron of beat 
quality, at present bids of large manufacturers. Possibly a 
cheaper pipe may be substituted in construction for the smaller 
sizes. The estimates for land damages were furnished by your- 
selves. Those for water-power damages are based ou the cost 
of furnishing and maintaining equivalent steam power aa esti- 
mated by the Corliaa Steam-Engine Company. 



FAWTUCEET PLAN. 

Water may be taken for the city from between the lower and 
the upper dam at Pawtncket. The supply is beyond all ques- 
tion abundant, and the quality at present is satisfactory. We 
have no analysis of the water taken directly from the river at 
Pawtucket, but the water from the river at Ashton, about aix 
and a half miles above, was found by Prof, Appleton to contain 
2.H grains of matter per American gallon, of which l,n was min- 
eral, and l.ii organic and volatile matter. The hardness was O.t of 
one degree. To this small amount of impurity, there is some 
addition from the surface drainage of the intervening villages, 
and from Abbott's Run ; but not enough to make the waters as 
yet otherwise than of a fair degree of purity and softness. At 
some future time, however, when, with an increased population, 
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water ifl pnpplied to the villagcfi on tho banks from Paprtacket 

to Viilley Falls, and sewers are introduced leading to tho river, 
the water may probal>ly become too much contaminated for do- 
mestic use ; and there is not diutanco enough betiveen the 
points of contamination and tho point for drawing off the water 
in tho city conduit, to allow sui&cient action of sun and air for 
the dispersion of the impurities. The only remedy for this dif- 
Bculty would bo to gather the Rewage matter and disposo of it 
on the laud, or to collect it by intercepting sewers on each side 
of the river leading to points below the lower dam. Either of 
these plans, though probably not impracticable, wonld be attended 
with consider<ible difficulty and expense. 

In the absence of any natural storage basin that would answer 
for a settling-basin, it would be necessary to rely on the receiV' 
ing and distributing reservoir for -this purpose; and probably 
there would be a greater necessity for filter beds for water from 
this source than for that of any other proposed plan. The most 
convenient place for the distributing reservoir and filter beds is 
on the high ground sonth-west from Pawtncket, between the 
two turnpikes. 

According to the plan projected for supplying the city with 
water from this source, a substantial stone canal, with suitable 
head-gates, would be built in connection with the lower dam, so 
arranged as to secure the necessary supply of water to the city 
in case of accident to the canal leading water to the mills. An 
iron conduit, four feet in diameter, wonld be laid firom thid oanal 
a distance of 2,750 feet. This pipe would have ft capacity to 
carry twelve million gallons in ten hours, with a &11 of five and 
one-half feet, if lined with tubercles, as would soon be the case if 
unprotected ; or with a fall of three feet, if coated with prepared 
pitch to preserve its smoothness. The average height of the 
top of the dam is 14.47 feet above high water at Providence. The 
design is arranged for the addition of another similar pipd, if it 
should ever be necessary. Extra supports and protection woald 
be required for the conduit under the mills and at the month of 
Sargent's trench. 

The pump-well and engines would be situated near a whari^ 
at a point convenient for the landing of ooaL Three pnmpmg 
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engines would bo reqairod to enable the full supply to bo taken 
from the river during the working hours of the factories. 

The two force mains, of throo foot diameter each, would bo 
only twenty-two hundred feet long; and, in a favorable location, 
requiring no air-cocks nor blow-offs. 

The reservoir and filter beds would be located on the high 
ground southwesterly from Pawtucket, lying between the two 
turnpikes. Tlio filter beds would be four in number, having an 
area of about three and one-third acres, and occupy the posi- 
tion of tho ordinary division wall of a receiving and diati'ibnt- 
ing reservoir, having tho receiving portion on the northerly side, 
with an area of about four and one-third acres and fifteen feet 
depth; high water being at 163 feet above high tide. The 
distributing portion on the southerly side would have an area 
of about five and nine-tenths acres, and a depth of fifteen feet, 
high water being at 161 feet. This height of water would be 
sufficient to deliver the water near North Burying Ground, at a 
height of 155| feet; at the old city lino, on Greenwich Street, 
at 147i feet; and at the now city line, on tho same street, at 
143 feet, above moan high tide. 

Tho design is ao arranged that either ono of the reservoirs, 
or either one of the filter beds, may be cleansed while the works 
are in operation. The available storage capacity of tho reser- 
voirs and filter beds is 51,724,000 gallons, equal to a supply for 
four and one-third days. The influent aud effluent chambers 
are designed for attaching an additional pipe in each when it 
may become necessary. Prom tho effluent chamber, two lead- 
ing mains, of three feet diameter oach, would extend to and 
along tho Pawtucket turnpike into the city, through North Main 
Street, and thence supply that portion of the city lying below a 
level of ninety feet above high tide, through the city distribu- 
tion. 

At Olney Street a branch-main of two feet diameter would 
lead to the upper service pum ping-station on Olney Street, 
between Camp Street and East Turnpike, Two engines, each 
having a pumping capacity of one million gallons in sixteen 
hours, would be provided at this point, pumping directly into 
the system of pipes for supplying that portion of the east Bi^d 
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of the city lying above a level of ninety feet above high tide, 
and connecting, by a main twenty inches in diameter, with the 
High-Service Reservoir on East Turnpike, opposite Doyle 
Avenne. 

The High-Service Reservoir would have a water-surface area 
one hundred and four feet square, the inside face of the walls 
being vertical to prevent injury by the fluctuation in height of 
ice in winter. The high-water level would be two hundred and 
thirty feet above high tide. The depth of the reservoir would 
be fourteen feet below high water, and the bottom about fifteen 
feet above the present surface of the hill. The coping is 
designed to be two feet above high water. 

The whole reservoir would be constructed of stone masonry, 
encased in granite, and supported on arches of the same mate- 
rial, all of substantial construction and of plain and appropriate 
design. 



SCOTT'S POND PLAN. 

Above Pawtucket, the most favorable point from which to 
take the water of the Blacks tone, seems to me to be at Scott's 
Pond. This pond is near Lonsdale, about five miles from the 
City Building. It is about five-eighths of a mile long, one-tenth 
of a mile wide, and, as found by about fifty soundings, from fifteen 
to fifty-seven feet deep. It would make an excellent settling 
basin for the deposit of matter held in the water in suspension, 
thus relieving the filter-beds to a considerable extent. The 
surface of the water stands at about seventy feet above high tide, 
varying a few inches above and below, each day, as the water is 
drawn for the Lonsdale Mills, for which the pond is now used 
as a reservoir. Prom notes furnished by the superintendent, it 
appears that these factories now require about 340 cubic feet of 
water per second, to run them at full speed. This water is 
drawn from Blackstone River at Ashton, through the old Black- 
stone Canal, which is not large enough to convey this quantity 
in working hours without too much loss of head, if at all. To 
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aid in the supply, Scott's Pond is used as a reservoir, to be filled 
through the canal during the night, and drawn upon when most 
needed, in the day. When the water in the river is too low to 
furnish a aufBcient quantity to drive the machinery in this way, 
steam-power is used to supply the deficiency. 

The losses to the Lonsdale Company in case of taking the city 
supply from gcott's Pond, will be, in addition to the loss of a 
certain quantity of water from the river in the dry season, the 
loss of head in the canal, due to its conveying an increased 
quantity of water, and the further loss of head due to the neces- 
sity for drawing more water through the canal during working 
hours, owing to the diminished value of Scott's Pond as a res- 
ervoir. These peculiar losses can be avoided by enlarging the 
canal from Ashton to Lonsdale, which could be done, I estimate, 
at an expense of 1*27,000, even if the mills are allowed to run 
during the execution of the work. The removal of silt from 
tho canal bed might cause some leakage, but the experience in 
similar cases warrants our belief that tlie bed would be again 
silted up in tho course of a ainglo year; and, as tho luakage 
could not equal the amount we propose to draw, but which we 
should not wish to draw within that time, the mills would sulfer 
DO damage in that way. If an amicable arrangement could be 
made with tho Lonsdale Company for the enlargement of the 
canal, so as to deliver tho quantity required for both purposes, 
a considerable amount would be saved to the city in the con- 
struction of tho works. But as it is not known that such an 
arrangement could he made, and as we wish to make such esti- 
mates as aro behoved to bo certain to cover tho cost of any 
proposed plan, it would aeem best for our present purpose, to 
estimate the value to tho Lonsdale Mills of the amount of water 
required for the city, as stored in Scott's Pond, without entering 
into any acherao for compensation, other than a proper payment 
for tho power taken. 

Water taken from three points has been analyzed by Professor 
Appleton, and found to bo of the following quality, viz. : Prom 
AfibtoQ Dam, total impurity 2.o3 grains per American gallon ; 
consisting of I.h grains of mineral matter, and l.n grains of 
orgauio matter, &o. The hardness was O.iu of one degree. From 
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canal by the Lonsdale MillS; total imparity 2.42 grains : mineral l.» ; 
organic matter &c.f l.n; hardness O.io of one degree. From 
southerly end of Scott's Pond, total impurity 2.28 grains : mineral 
1.26; organic &c., Los; hardneas O.to of one degree. 

I am told that the people at Lonsdale have used the river- 
water for several years, in preference to the well-water, for 
drinking and other domestic purposes. 

In this plan it is designed to take the water from the southerly 
end of Scott's Pond, from eleven to fifteen feet below the surface, 
through an iron conduit four feet in diameter, leading to a stone 
receiving-chamber containing the screens, head-gate, &c. Thence 
the water would be taken under the highway, and through an 
open stone canal be supplied to the filter beds, four in num- 
ber, lying near the highway and the site of the old Blackstone 
Canal. The surface of the water over the filter beds would be 
at the same height as in Scott's Pond ; the extreme high water 
being 72 feet, and extreme low water 68 feet. The surface of 
the sand will be 65. The area of water surface in the filter beds, 
would be about three and one-tenth acres. Prom the filter beds 
the water would be drawn through chambers into the main con- 
duit of iron, four feet in diameter, leading down the tow path of 
the old Blackstone Canal, with one slight variation, nearly to the 
Providence and Worcester Railroad ; thence crossing the valley, 
and gradually rising along the side hill, and through the ridge, 
into the continuation of North Main Street, along which it is car- 
ried, until about one quarter of a mile within the city limits, to 
the pump-well. The total distance from the filter beds to the 
pump-well, being 17,784 feet. 

In the pump-well, the low-water line would be 56.34 feet 
above high tide, assuming a flow of twelve million gallons in 
twelve hours. Two pumping engines, each having a pump- 
ing capacity of 6,000,000 gallons in 16 hours, would be situ- 
ated at this point, and would force the water through two iron 
pipes, 3 feet in diameter, a distance of 3,700 feet to the dis- 
tributing reservoir, which would be situated on Hope Street, 
and include nearly all the land in the rear of lots on Olney, 
Prospect, and Barnes Streets. The water-area of this reservoir 
would be 9.40 acres, at a height of 156 feet above high tide, which 
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would enable water to be delivered at Butler Ilof^ital at a height 
of 149 feet; at the old citj-Iiue ou Greonwicb Street at 143 foot; 
and at tlie new city line on Greenwich Street at a height of liZi 
feet. The bottom of the reservoir would be about 141 foot above 
high tide. The reservoir would bo provided with iuQueut and 
effluent chambers, with a divisioQ ombunkmont ho arranged that 
one part may be cloaueed while the other part id being used to 
BUpply the city. Tiie bottom of the rOHervoir and the embunk- 
uente would be mode tight by clay puddling, and the interior 
elopes would be pavod. Tiie embankments would bo con- 
Btructed to a height of 160 feet above tido, making them 
about 13 feet average height. The soil on which the roaorvoir 
would be placed is of a very retentive oharaoter, and weU 
adapted to the purpose. Extra pipes would be set iu the 
iuBuent and oSlueDt chambers, for future iacrease in the 
capacity of the works. 

For the upper service, water would be taken from tlio influent 
chamber of the distributing rosorvoir, and forced by two pump- 
ing engines, having a pumping capacity of 1,000,000 gallons 
each in 16 hours, into the high-service system, and connected 
by means of a twenty inch main, 1,800 feet long, with the high- 
service reservoir on East Turnpike, opposite Doyle Avenue, 
already described. 



TEN-MILE EIVEE PLAN. 

It ia proposed to take the water from this river at a point 
about a thousand feet below the Omega Dam, above which the 
drainage-area of the river, as estimated from the MaaHaclmaetta 
state map, is Gfty-throe square miles. We have aosumed that a 
drainage-urea of thirty-four square miles is suflieicnt for a full 
supply of the quantity wo require, and might thereibro have no 
question as to the capacity of this stream. But to ascertain 
whether in this case any exception to our rule could bo expected, 
a careful inspection was made of the territory through which Ute 
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river runs, and measurements of the actual summer-flow were 
taken. Prom the character of the country drained I should ex- 
pect this river to have a more than ordinarily uniform rate of flow, 
and therefore to give more than an average quantity of water in a 
dry season. The area of reservoirs held under control by the mill- 
owners for supply during the dry season, is believed to be about 
six hundred acres, to which we should add a storage reservoir 
of about one hundred and twenty-two acres. Finding in this 
respect a favorable result, we proceeded to an examination at 
Lebanon Mills to ascertain the quantity of water actually run- 
ning at a dry time. The results obtained there are believed 
to be reliable, and were sustained by facts learned at all the mills 
on the stream. 

By the courtesy of R. B. Gage, Esq. supt., we were allowed to 
examine the books of the Company, in which the condition of the 
business of the mill during the year is indicated, and with his 
assistance the following results were obtained. 

During the summer and autumn of 1865, the demand for their 
manufactures was great, and the mills were run over time ; all 
the machinery being used, and the speed-gates fully open, when- 
ever suflScient water to drive the wheels could be obtained. 
When short of water, such machinery was run as could be driven 
by the supply, and the hands not occupied were dismissed ; a 
record being kept daily of the number of hours each worked. 
Prom this account it appears that a full supply of water was had 
until through July : but in Au^st it was short on 3|^ days ; in 
September 1| days ; in October 14 days, and in November 6 days : 
making a total of 25| days, or one quarter of the time. During 
this time when the mill was short of water, Mr. Gage thinks that 
one-half enough to drive the mill ran in the stream during the 
day, and that the same amount ran by on Sundays. 

By measurement of the quantity of water required by this 
mill, made on June 4th, 1867, it was found that with the speed- 
gates open, and all the machinery running, the wheels passed 
95.4 cubic feet of water per second. 

Applying this quantity to the experience of 1865, and taking 
the dryest month, October, when during fourteen days water 
was short, we have the following result : — 
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95.4 ctib. ft, per aec. passing 12 days, 
47.7 " " " 19 " 



31)2,0.51.1 



or an average of GG.a " 

per second. In this OBtimate no account la taken of the water 
passing in the night by leakage or otherwise. 

This quantity was nsed during eleven hourn of the twenty- 
four, amounting to a daily quantity of 10,608,970 gallons. 

The drainage-area abovo Lebanon Mills is estimated at forty 
Bqnare miles, and abovo the point at which water would 
be taken for the city, at Gfty-tliree square uiilea ; bonce the daily 
quantity of water to bo expected at the latter point at the same 
time is 25,981,883 gallons. I think the rain-fall for the four 
months preceding October, may bo supposed to affect the quan- 
tity running during that month. In 1H65, tho amount of rain-fall 
for this time was 6.« inches, or less than one-half the average, 
and only about seven-tenths of that for the same four months of the 
preceding dry year of 1804. I believe that during the thirty-six 
years in which Prof. Caswell has kept his valuable records, there 
has been no time in which so little rain fell in four months together, 
as in the four months of 1865 referred to, except in three cases, 
as follows: July to October, 1836, the same months in 1837, 
and December, 1838, to March, 1839. Concluding, then, that so 
dry a month as October, 1865, is vory rare, and finding in that 
month a larger quantity of water running than the minimum we 
have assumed to be collectable from an equal drainage-area, 
which accords with our expectation from, tlio character of the 
adjoining country, it seems to be entirely safe to rely upon this 
river to deliver in the driest tirno about double the quantity of 
water for which the works aro to be constructed. 

Tho analysis by Prof. Appleton shows tho amount of impurity 
to be 2.H grains in an American gallon, and tho hardness to be 
O.M of one degree. 

The plan of works proposed was concluded upon after careful 
oxaminalion, and is briefly as follows: — 

A storage reservoir having a water area of about a hundred 
and twenty-two acres, and containing a full supply for thirty 
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days, wonld be constructed immediately below Hunt's PaHs, to 
render our supply entirely independent of the operations of the 
manufacturers on the river. The high-water level in this reser- 
voir would be twenty-four feet above high tide, and the low- 
water level twelve feet above. 

Provision is made for turning the water of freshets and all the 
water not required for the city supply, into Runin's River. 

The filter beds, four in number, would be located near the 
westerly end of the reservoir, across the bed of the stream. 
After passing through these beds, the water would flow in the 
natural channel of the stream (which would be cleared of all 
vegetable deposits, to fit it for the purpose), to the Cove reser- 
voir, formed by constructing an embankment at a suitable point 
about a thousand feet below Omega Mills ; in which high water 
would be twelve feet above mean high tide, and low water would 
be at zero : the area being sixteen acres. 

Prom this reservoir the water would be conducted through an 
open canal, about a thousand feet, to an effluent chamber situated 
two hundred feet from the shore-line of Seekonk River ; thence 
two iron pipes three feet in diameter would conduct the water 
to the shore, and thence across the river a distance of twenty- 
five hundred feet in a trench dredged out for the purpose, and a 
distance of one hundred and fifty feet from the west shore to the 
influent chamber of a small reservoir formed by an embankment 
across the ravine at Blackstone Park. The area of this reser- 
voir would be three acfes, and the high-water level twelve feet. 
At its westerly end would be placed two pumping engines, each 
having a pumping capacity of 6,000,000 gallons in 16 hours, 
to force the water through two rising mains of three feet diame- 
ter and 6,000 feet length, running in a westerly direction, pass- 
ing south of Dexter Asylum and through Hope Street to the 
influent chamber of the low-service distributing reservoir. The 
reservoir at this point would diflFer from that already described 
for the Scott's-Pond plan, only in arrangement. 

Water would be delivered at Butler Hospital, or at the North 
Burial-ground, at an available height of about 152 feet above 
high tide ; at the old city-line on Greenwich Street, at a height 
of 148 feet ; at the new city-line on that street, at 143^ feet. 
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The plan and conBtruction for tbe liigh service would a 
flubstaDtially similar to that of tie Scotfa Pond plan. 



THE PAWTUXET RIVER PLAN. 

From this river it !b proposed to tako the water, at a point 
abont three-fourths of a mile above the mouth of Pochasaet River, 
nearly opposite the highway leading towards tiie Pawtuxet from 
Sockanoasett Hill. 

No examination of the river was made with, a view of taking 
the water below Fochaesot River, on account of tUe grout amount 
of coloring matter tuYned into that stream from tlio print-worka 
of the Messrs. Sprague, which, at times, is sufficient to fill the 
air with odors at some distance from the point whore it empties 
into the Pawtuxet, and always, ao far aa I know, renders the 
water quite opaque. Though this was thought a sufficient rea- 
son for discarding the waters below this point, as a source of 
supply, yet we have in the riuality of water at Pawtuxet Dam, 
as analyzed by Prof. Chace, a striking illustration of tho rapidity 
with which impurities are dispersed in running waters. 

With the Bell Font Mills, tho Mills of Bowen & Battoy, and 
the Print Works of Messrs. Sprague, in fnll operation, he found 
the quality at Pawtuxet Dam to be as follows : — [Reduced to 
Am. gallons.] 

Mineral matters, 1,m grains per gallon. 

Organic " I.m " " " 

Total Impurity, * 3.n " " " 

A part of this impurity was in suspension. 

The analysis waa made for tho American Wood Paper Co., and 
was kindly furnished by them. 

As a further confirmation of the good quality of this water, I 
am told that water-boats are sometimes taken to the Pawtuxet 
Dam, to obtain a supply of water for vessels going to sea. 

But we are seeking for water as to the purity of which there 
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COD be no question ; and the specimens taken for analyses by Profl 
Appleton wore all from the river between the month of the Po- 
chasset and the Pontiac Mills. 
An average of several specimens gives the following result : -^ 

Mineral matters, I.11 grains. 

Organic and Volatile, l.« " 

Total impurity in Am. gallon, 2.i4 ** 

This is the purest water we have found during this examina- 
tion ; and it is purer than that supplied to any city of which I 
happen to have record. 

It has been suggested that a canal, or conduit, be constructed 
to take water from above the Pontiac Dam, and lead it to a suita- 
ble place for a pumping-station, so as to lessen the head on the 
pumping-engines, and to gain other supposed advantages ; but, on 
examination, I find this would cause an extra cost of more than 
$200,000 beyond the value of any advantages to be obtained. 

A very careful examination was made of that part of the river 
lying below the Pontiac Mills and above Pocbasset Bi ver ; and the 
point selected is believed to be the most favorable for our pur- 
pose. The drainage-area above this point is about 192 square 
miles, as estimated from the map of Rhode Island. 

Here the foundation and sides of a dam would be * con- 
structed, which in time of freshet would allow as free a passage 
of water as at present, but to which, in time of drought, flash- 
boards may be added, to maintain the surface of the water at a 
convenient height between the banks. At the westerly end of 
the dam would be located the screens and head-gate of a con-* 
duit four feet in diameter, leading a distance of 1200 feet to the 
pump-well. At this point two pumping engines, each having a 
pumping capacity of 6,000,000 gallons in 16 hours, would be 
located, to force the water through the three?feet rising-mains, 
4700 feet in length, on a constant ascent, to the influent chamber 
of the reservoir and filter beds on Sockanossett Hill. Here the 
high-water surface would be at a height of 176 feet above high 
tide in the receiving portion of the reservoir and over the filter 
beds, and at a height of 174 feet in the distributing portion. 
The water-area of the reservoirs would be about 9 acres, and that 
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of the filter beds, four in nnmber, 3 1-2 acres. The water of the 
receiviDg reservoir and filter beda would be drawn 10 feet, and 
the distributing reservoir 15, the available capacity being about 
forty-seven million gallons, or a supply for nearly four days. The 
location is favorable for a reservoir, and for possible future ex- 
tensions. The earth is retentive, and the water-table lies quite 
near the surface. 

The general arrangement and construction of reservoir and 
filter beds would be similar to that proposed for the Pawtncket 
Plan. From the effluent chamber, two three-feet pipes would 
lead the water to the city, a distance of 22,900 feet, for distribu- 
tion. The water would bo delivered at the new city-line, on Green- 
wich Street, at an available height of 166 1-2 ft. ; at the old city- 
line, on Greenwich Street, at a height of 162 feet ; at the Butler 
Hospital at a height of 150 feet above high tide. 

The water for the upper service would be taken from a main dis- 
tributing pipe on Oluey Street, opposite Hope Street, by two 
pumping engines, of a capacity to raise 1,000,000 gallons each 
in 16 hours, and forced directly into the system for high service, 
connecting with the high-service reservoir, as in other plana. 



DISTRIBUTION. 



The plan for distribution is arranged for a consumption of 
twelve million gallons in twenty.four hours, within the old city 
limits, aud for an additional consumption of five million gallons 
in the territory added to the city during the present year. 

The quantity required by the manufacturing and more densely 
populated districts is assumed to be double, per square foot, the 
quantity required in the other sections of the city. 

The sizes of the pipes are so proportioned as to convey the 
required quantity of water to the several districts, during those 
hours of the day in which there is greatest consumption, with a 
velocity giving a uniform loss of head of one foot in a length of 
two thousand feet, the pipes being of cast iron, coated with 
coal-pitch varnish. 
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The average available height of water in the low service of 
the city, by the various plans, would be about as follows : — 

Pawtncket, 149 feet. 

Scott's Pond, 151 " 

Ten Mile, 151J « 

Pawtuxet, 158 " 

The estimates of cost of distribution include nearly all the 
mains that will be needed to supply the full amount of water for 
which the works are designed, and such service-pipes as will 
supply, in the most liberal manner, all the streets in the city 
which are graded and occupied, excepting only a few in which 
the houses are widely scattered. 

At all points in the more densely populated parts of the city, 
the pipes are large enough, at the least, to supply steam fire- 
engines with three thousand gallons of water per minute, and 
two thousand gallons per minute in the outskirts. This requires 
larger pipes in some cases than would be needed for the ordinary 
supply of the city. 

The mains are so distributed and arranged that any accident 
occurring to one would not be likely to affect another connection 
with the reservoir ; and if one should be cut off temporarily for 
repairs, the others would still give a sufficient supply to all parts 
of the city. 

All the proposed plans, except perhaps the Pawtucket, prom- 
ise to be so entirely satisfactory in supplying the city with the 
desired quantity of pure water, that there is little ground for 
choice between them. 

Independently of the cost, I should choose the Pawtuxet River, 
as, on the whole, the most satisfactory source of supply. The 
water is, to the eye, remarkably clear and limpid. Its whole 
drainage-area is within the State of Rhode Island, and under con- 
trol of State legislation. I think it is less likely than the other 
rivers to receive impurities, in the future, from the surrounding 
country ; and the pumping-station would be near a native bed of 
coal, which might probably be used with great economy. But, 
on the other hand, the Pawtuxet plan would be more expensive 
than any other ; and, as between that and the Scott's-Pond plan, 
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it eeema to me the queation of economy may fairly gov^tnpjQv 
choice. 

The true comparisoii, in point of economy, is of future aani 
expense, including intereat on the construction account. In this 
comparison, the Scott'a-Pond plan stands first among all the plana ; 
and I think this source compares favorably with the othei-s in 
nearly all respects. The water is, by chemical test, unexcep- 
tionable. Scott's Pond ia a better settling-basin than wo could 
have by any other plan. The city would probably never require 
more than a small fraction of the whole flow of the Blackstone. 
The river runs for more than twelve miles in territory under con- 
trol of the Bhode-Island Legislature; a distance sufficient, un- 
doubtedly, for the necessary exposure to sun and air ibr the 
dispersion of any impurities which would be received above 
the State line. The filter beds are near the aettling-basin; and 
the water would be pasaed directly from them into the close 
conduit leading to the pumps. The height of pumping would 
be about fifty feet less than by either of the other plans. 

Making economy an essential feature, and assuming that rea- 
sonable arrangements can be made with parties interested, for 
their compensation, I give to the Scott's-Pond plan my first 
preference. 

Between the Pawtuxet and the Ten-mile-Iiiver plan, the fol- 
lowing brief comparison may bo made : — 

1st. The Pawtuxet has, compared with the quantity we pro- 
pose to take, a largo volume of water coming from a large sui-- 
face area, and having time for the dispersion of impurities. In 
the Ten-mil e-River plan, the entire flow of the river may be 
required to supply the city at some future time. 

2d. The works of the Pawtuxet plan are all under control, and 
within reach for repairs. The Ten-mile -River plan requires 
pipes under the Seekonk River, which could not be inspected 
nor repaired except at great coat. 

3d. The Pawtuxet plan has native coal very near the pump- 
ing-station. 

4th. In proportion to the quantity of water required, there 
seema likely to be very little impurity added to the Pawtuxet 
River by the future increase of population. The Plains near our 
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Biver maj at some future time 
{ardens for ProvidoDce and the 

icy of works are in &vor of the 

izet plan are more simple and 

et is generally clearer than that 
ui any otner nver with which I am &miliar. 

In view of the greater abundance of supply, purity of water, 
and permanence of works, I give preference to the Pawtuxet 
plan. 

The Pawtncket plan requires more pumping-machinery than 
the other plans, on account of the necessity for raising during 
the working-hours at the mills all the water required for the 
day. The probability is, that this water will hereafter become 
more impure than that of either of the other sources. I therefore 
place this source last in the list, which then stands as follows : — 

Scott's Pond, 
Pawtuxet, 
Ten-mile Biyeb, 
Pawtucket. 

It is not necessary in either plan to construct at first all those 
parts of the works that are essential to their final efficiency and 
security. To indicate the expenditure necessary to supply six 
million gallons of water daily, with provision for a ready en- 
largement of the works so as to supply twelve million gallons 
daily, I have prepared an approximate estimate for each plan 
with the following result : — 

First cost of the Scott's-Pond plan, . . . $1,123,990 

u u u Pawtuxet " .... 1,253,598 

" « « Ten-mile-River " .... 1,175,738 

i< a u Pawtucket, '' .... 1,103,989 

This estimate does not include the cost of distribution, which 
may be gradually extended according to the demand. The fil- 
ter-beds are omitted, as well as one engine, and one force-main 
from each plan, and one leading-main from the Pawtuxet and 
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Pawtncket plnns. In tliii liit^h-servica sj'sten), ItoUi {<umi*intf 
euginea are retaiacd, do tUat tUe water may bi punipail iuUi tlie 
eyslem of distribution for cuiutant supply, and tlius euabf9 uh 
for tbo preaont to diitpenso witli ttio liigli rotusrvoir, wliicli U 
omitted from tbo above eetimateit. 

In tbiH report, and in tbe accompanying etitima.tt,a, I Imva lUAda 
no account of water-power an a m»uim of mUiug our retjuired 
unpplj to tbe neccHHary boigbt, for tbe priitcipal rtiiiduii lltat 
there in not sufficient power available on ajiy dtrtiata fur tlia 
purpoBo. 

Tbe total available wat«r-power of Um IHuckstofls Uivnr on 
tlie fifleeU'ltiot fall at Pawtaeket U probably not more Ibati 550 
borse-powcrH, in a dry time ; wbila 779 borue-poW^rM Would h% 
required to raiue twelve milUon ^hWijob per day, by uiir VaW- 
tucket plan. 

I have not the meaua of knowing bo definitely tbe aniouiit uf 
water flowing in tbe Pawtuxet Biver. From Btatenients given 
by partieH at tbe Pontiac MilU, it uppearH that the amount uf 
wator-powur, in tbe spring moiitltM, in about '200 borj«c-powurti, 
on six to HQvon feet bead and fiill. Tlie grbateut iivatlablu (all 
which wc could get on the Pawtuxet Uiver wouhl be ten (eat, 
on which tbiB eutimated flow of the ]-iv«i* would be about ItOS 
fioreo-powerfl. The power waa said to be pofir in a dry tiniej 
but the amount watt not known. If wo aHKUUiu that tbo pro[ior- 
tion between tbe powqr of tbe Pawtuxot Elver and (but of tlifl 
Blackstone in in the ratio of their druinage-areaa, we ebould have 
in a dry time aboul 290 borse-pjWQrii uu a fiftijuii^feet full iu tlia 
Pawtuxet River, — equal to about ^'J'A bor«e>[x>w»ird on a ten-feat 
fall. But the amount of power to bu obtained i'rorn thu PaW- 
tuxet, even in the eprtng months, is mutili lasii tliuii half lbs 
power required to raise tbo city supply by the Pawtuxet piaD[ 
that being 863 horao-poworB. 

It is cheaper to run water-power tlian Bteam-power; but it 
would be very easy to make tbe whole cost of wator-power 
greater by paying a high price for it. The waters of the Dliick- 
Btono nnd Pawtuxot are fully dovolopod; and, if tlioy should bo 
taken for the use of tho city, tbo damngoa could hardly bo less 
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than the cost of maintaining equivalent steam-power, which may 
as well be done for the city as for the mill-owners. 

The average yearly cost of pumping at the Brooklyn water- 
works, where the water is raised to a height of 170 feet, for the 
three years 1860 to '62, inclusive, was about $72.00 per horse- 
power. For the four years 1863 to '66, inclusive, when coal was 
very high, the average yearly cost was about $100.00 per horse- 
power. The usual yearly rental of water-power and room in the 
neighborhood of Providence, I am told, is $100.00 per horse- 
power. 

Steam-pumping is the ordinary means of raising water for city 
supply. The most noted exception is at Philadelphia, where 
a part of the water is raised by water-power ; but, even there, 
a considerable portion is raised by steam-pumps ; and the works 
are at present being increased by additions to the steam-pump- 
ing machinery. 

Accompanying this report will be found estimates of the cost 
of complete works by each of the proposed plans, and a sketch 
of the vicinity of Providence showing the location of the works 
and profiles of the conduits, force-mains, and leading-mains. 

I also append the report of the Clerk of Police giving statistics 
obtained by city offifiers for our use, which illustrate in many 
ways the need of an abundant supply of pure water. 

The valuable table of monthly and annual rain-fall, made up 
from the notes of President Caswell, kindly furnished by him for 
the purpose, will be interesting to many. ^ 

In conclusion, I beg leave to thank the members of the 
committee personally for the kindness, patience, and courtesy 
with which they have uniformly facilitated my labors. 

BespectfuUy submitted, 

J. HERBERT SHEDD, Engineer. 
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APPROXIMATE ESTIMATE 

OP THE COST OF WATER- WORKS PROPOSED FOR THE CITY OF 

PROVIDKNCK. 

BY THE SCOrrS POND PLAN. 

1. Head'Oates, — Leading Pipes, — CaruU and Filler Beds, 

12,538 cubic yards concrete, at 
8,306 <* << rubble in cemeat, 
252 " " coping, 
43,379 ** <' excavation put into embankment, 
17,803 " *< « wasted, 

545 feet of 80 inch cast-iron pipe, 
180 " S6 « « 

280 " 48 " " 

270 « 12 « drain-pipe, 
300 <* 20 « " 

9,290 << drain-pipe 3 to 12 inches in diameter, 
9,9G0 cubic yards of broken stone, 
5,976 ^ " coarse sand, 

9,960 " '< fine sand, 

Gates, slides, and gearing. 
Cut stone at gate openings, 
400 Hfjuare feet of copper screens, 
25 piles driven. 
Supports for pipes. 
Gate house, 
2,500 feet of fencing. 
Contingencies and omissions (10 per cent), 



2. — The Conduit from Filter Beds to Pump'WelL 

17,784 feet in length of 4 foot cast-iron pipe laid at $28.50 $506,844.00 
190 cubic yardfl paving in culverts, 
289 " side walls in cement, 

116 " arches, 

173 '' face work rough-hewn joints, 
7 M. feet B. M. timber. 

Carried forward, 
9 



$ 8.00 


$100,.304.00 


10.00 


8.0,060.00 


25.00 


6,aoo.oo 


.25 


10,844.75 


.25 


4,473.25 


17.00 


9,265.00 


22.00 


8,960.00 


28.50 


7,980.00 


1.00 


270.00 


2.00 


600.00 




2,o«:j.oo 


8.50 


84,860.00 


.60 


8,585.60 


.60 


5,976.00 




6,000.00 




1,500.00 


1.50 


600.00 


6.00 


150.00 




100.00 




1,200.00 


.80 


760.00 




28,384.16 




$812,225.76 



8.00 


1,520.00 


10.00 


2,890.00 


15.00 


1,740.00 


17.00 


2,941.00 


70.00 


490.00 




$516,425.00 



66 



BNOIMIEB'B BEPOBT. 



Brought forward, 
83,224 cubic yards of embankment, 
18,000 *' excavation and back filling, not 

included in price for laying pipe. 
Shoring and extras at deep cuts, 
25,000 feet of fencing, 
ContingencieB and omissionsi 



8. — The Pump-well and Engine House, 

1,205 cubic yards coursed rubble niasonry, at 
600 ^ rubble in cement, 

52 ^ cut stone in invert. 

Other cut stone work, 
1,953 cubic yards excavation and grading. 
Gates and gearing. 
Screens, 

Engine and boiler-house superstructure^ 
Contingencies and omissions. 



4. — Hie Pumping Engines, 

Two pumping engines with boilers and all appur- 
tenances put up ready for work, 
Contingencies (10 per cent). 





$516^25.00 


$ ^0 


16,612.00 


M 


6,500.00 




2,000.00 


.80 


5,000.00 




54,653.70 




$601,190.70 


n^se. 
SI 2.00 


$14,460.00 


10.00 


6,000.00 


80.00 


1,560.00 




1,500.00 


J^O 


976.50 




2,000.00 




450.00 




20,000.00 




4,694.65 



6. — Force Mains to Service Reservoir, 

$45.00 



8,700 feet of two lines .of 36 inch pipe, at 

Two check-valves, 

Six stop-cocks. 

Extra for special castings and branches, 

Contingencies and omissions (10 per cent). 



$51,641,15 



$128,000.00 
12,800.00 

$140,800.00 



$166,500.00 

6,000.00 

12,800.00 

2,000.00 

.^8,730.00 

$206,030.00 



6. — The Service Reservoir, 

68,500 cubic yards of excavation put into embank- 
ment, at $ .40 
7,195 " " « " puddle wall, 1.00 
22,810 " puddle on bottom, 1.00 



Carried forward, 



$27,400.00 

7,195.00 

22,810.00 

$57,405.00 
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1,284 

416 

174 

38 

27 



u 



u 



it 



u 



u 



Bronght forward, 
4,898 cubic jaxda excavation wasted, 
4,000 ** dry paving on slopes, 

rubble in cement, 
rough granite in cement, 
dimension granite, 
coping, 

paving in cement, 
3 outlet Said 3 inlet pipes set, 
100 feet of 12 inch iron pipe, 
3 sluice gates 4 feet X 4 feet ; 4 do. 8 feet X 4 
feet ; 2 do. 1^ feet X 1^ feet, 
400 feet of drain-pipe. 
Stone cutting, 
4,000 feet of fencing. 
Gate-house, 

13,500 square yards soiling and seeding of slopes. 
Contingencies and omissions (10 per cent), 



The Upper Sebyice. 
7. — Engine House and Engine Foundations* 

50 feet of 36 inch pipe from influent chamber of 
service reservoir to pumping station. 
451 cubic yards of rubble in cement, 

89 " brick work, 

31 *^ cut stone masonry. 

Engine and boiler house superstructure. 
Contingencies and omissions (10 per cent). 





$57,405.00 


S .30 


1,469.40 


5.00 


20,000.00 


10.00 


12,840.00 


12.00 


4,992.00 


15.00 


2,610.00 


25.00 


950.00 


8.00 


216.00 




2,400.00 


4.00 


400.00 




4,000.00 


1.00 


400.00 




2,000.00 


.60 


2,400.00 




1,200.00 


.07 


945.00 




11,422.74 




$125,650.14 



8. — High'Service Pumping Engines. 

Two pumping engines with boilers and all appur- 
tenances in place, ready for work. 
Contingencies (10 per cent), 

9. — Force'Main for Upper Service, 

1,800 feet in length of 20 inch force-main leading to 

upper reservoir, at S9.00 

Four stop-cocks. 

Extra for special castings and branches. 
Contingencies and omissions (10 per cent). 





$1,200.00 


$10.00 


4,510.00 


15.00 


585.00 


25.00 


775.00 




15,000.00 




2,207.00 


zs. 


$24,277.00 




$28,000.00 




2,800.00 



$30,800.00 



$16,200.00 

2,000.00 

750.00 

1,895.00 



$20,845.00 
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10. — The Upper Reservoir, 



2,205 cubic yards of rubble wall in cement at 


SI 0.00 


$22,050.00 


2,025 << granite, cut joints, 


25.00 


50,625.00 


249 ^ granite dimension, 


15.00 


8,735.00 


182 <* cut stone arches, 


30.00 


5,460.00 


759 << rough stone arches. 


15.00 


11,385.00 


2,209 « concrete. 


8.00 


17,672.00 


809 «* coping, 


25.00 


7,725.00 


2,700 << excavation and grading, 


.60 


1,850.00 


100 feet of waste pipe, 




1,000.00 


1,000 feet of fencing. 




600.00 


Contingencies and omissions (10 per cent) 




12,160.20 




$188,762.20 


SUMMABT. 






1. Head gates, leading pipes, canal, and filter beds^ 




$812,225.76 


2. The conduit, 




601,190.70 


3. The pump-well and engine-house, 




51,641.15 


4. The pumping engines, 




140,800.00 


5. The force-mains. 




206,030.00 


6. The service reservoir, 




125,650.14 


7. The upper service engine-house, &c., 




24,277.00 


8. '< '' pumping engines, 




80,800.00 


9. " " force-main, 




20,845.00 


10. " " reservoir. 




138,762.20 


Land and damages less value of height for pumping 


(for compar- 


ative estimate), 




1,477.00 


Distribution, 




1,912,324.70 


Engineering and office expenses, • 




125,000.00 


Total, 




$8,686,028.65 
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BY THE PAWTUXET PLAN. 

■ 

1. Dcm and Conduit from Pcnoluxel River to PumjHJoeU. 

7y707 cubic yarcU, excavation and back-filling, $ ^0 $3,853.50 

1,988 ^ ^ embankment, .40 775.20 

231 " ** puddle, 1.50 340.50 

Cofferdam, 1,000.00 

798 cubic yards couned rubble in cement, 12.00 0,576.00 

53 " " cut granite (piers &c.), 25.00 1,325.00 

100 " ** paving, 5.00 500.00 

20 " <* coping, 25.00 500.00 

Head-gate and gearing, 1,000.00 

1,200 feet of 4 feet iron pipe, 28.50 34,200.00 

Screens (copper and wood), yoo.OO 

Sheetrpiling, 2,000.00 

Planking, 1,250.00 

Timber, 800.00 

Pumping, 500.00 

Flash-boards and irons, 200.00 

Gate-bouse, 1,500.00 

Contingencies and omissions (10 per cent), 6,039.22 

2. PumjMoeU, Engine-^house, and CoaMied, 

1,352 cubic yards of coursed rubble, 
651 " " " rubble in cement, 
19 M. feet B. M. Timber under foundations, 
8,1 1 1 cubic yards of excavation. 
Pumping, 
Cut stone work. 
Gates and gearing. 

Engine-house and coal-shed superstructure, 
Contingencies and omissions (10 per cent), 

$56,572.45 
3. The Pumping Engines. 

Two pumping engines, with boilers and all appurtenances put up 

ready for work, $150,000.00 

Contingencies (10 per cent), 15,000.00 

$165,000.00 



thed. 


$66,431.42 


$12.00 


$16,224.42 


10.00 


6,{i 10.00 


60.00 


1,140.00 


.50 


1,555.50 




2,000.00 




2,000.00 




2,000.00 




20,000.00 




5,142.95 
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4. FoTM-mauif . 

4,700 feet in length of two lines of 86 inch pipe of 

▼ar3dng thickness, laid at $45.00 $211,500.00 

4,323 cubic yards of embankment, .40 1,729.20 

61 <* << '< masonry in colTertSy 12.00 732.00 

Two check-yalves, 6,000.00 

Six stop-cocks with vaults, 12,800.00 

Extra for special castings and branches, 1,000.00 

Contingencies and omissions (10 per cent), 23,376.12 



5. Reservoirs and Filter Beds on Sockanossett Hill. 

14,422 cubic yards of concrete, 
11,898 « " « rubble wall, 
350 « « " coping, 
108,823 << << << excavation into embankment^ 
35,157 « « « puddle in walls and bottom, 
3,660 " " " dry paving on slopes, 
10,000 lineal feet of drain-pipe, 3 to 12 inch, 
10,667 cubic yards of broken stone, 
6,400 " " « coarse sand, 
iO,667 « " « fine sand, 
Cut stone, 
Gates and gearing, 
4,500 feet of fencing, 
2,000 « road, 
20,000 square yards soiling and seeding slopes, 
Contingencies and omissions (10 per cent), 



6. Leading-mains. 

22,900 feet of two lines of 36 inch cast-iron pipe. 

Blow-off and air-cocks. 

Stop-cocks, 

Branches and extra castings, 

Bridge across Pochasset Biver, 

Embankments, 

Culverts, 

1,500 feet of 24 inch main firom North-Main Street 

to pumping station. 
Two stop-cocks. 
Contingencies and omissions (10 per cent). 





$257,137.32 


seUHiU. 




S 8.00 


$115,376.00 


10.00 


113,980.00 


25.00 


8,750.00 


.40 


43,329.20 


1.00 


35,157.00 


5.00 


18,300.00 




2,250.00 


8.50 


37,334.50 


.60 


3,840.00 


.60 


6,400.20 




2,000.00 




6,000.00 


.30 


1,850.00 


.75 


1,500.00 


.07 


1,400.00 




39,696.69 




$436,663.59 


$44.00 


$1,007,600.00 




5,000.00 




20,000.00 




5,000.00 




4,146.00 




5,058.00 




2,786.00 


12.00 


18j000.00 




900.00 




106,849.00 



$1,175,839.00 
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The Ufpeb Sebyice. 
7. Engine-house and Engine-foundations, 



451 cubic yards of rubble in cement, 
39 " « " brickwork, 
81 ** ** ** cut stone masonry, 
Engine and boiler house superstructure, 
Contingencies and omissions (10 per cent), 



8. High-service Pumping Engines. 

Two pumping engines with boilers and appurtenances in place. 
Contingencies (10 per cent). 



9. Force'-main for Upper Service, 

1,900 feet in length of 20 inch force-main, leading 

to upper reservoir, $9.00 

Four stop cocks, 

Extra for special castings and branches, 
Contingencies and omissions (10 per cent), 



10. The Upper Reservoir. 

a 

2,205 cubic yards of rubble wall in cement. 



$10.00 


$4,510.00 


15.00 


585.00 


25.00 


775.00 




15,000.00 




2,087.00 



2,025 « 


" " granite, cut joints. 


249 " 


" « « dimension. 


182 " 


'' in cut stone arches, 


759 « 


" " rough stone arches, 


2,209 " 


" " concrete. 


809 « 


" " coping. 


2,700 « 


<< << excayation and grading. 


100 feet 4 


^f waste pipe. 


1,000 « 


fencing. 


Contingen< 


nes and omissions (10 per cent). 



SUMMABT. 



1. Dam and conduit, 

2. Pumivwell, engine-house, &c., 
8. The pumping engines, 

Carried forward, 



$22,957.00 



$80,000.00 
8,000.00 

$83,000.00 



$17,100.00 

2,000.00 

750.00 

1,985.00 

$21,885.00 



$10.00 


$22,050.00 


25.00 


50,625.00 


15.00 


8,785.00 


80.00 


5,460.00 


15.00 


11,885.00 


8.00 


17,672.00 


25.00 


7,725.00 


.50 


1,850.00 




1,000.00 


.60 


600.00 




12,160.20 




$183,762.20 




$66,481.42 




56,572.45 




165,000.00 




$288,008.87 
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Brought fonraid, 

4. Hie forcennains, 

5. Beseryoirs and filter bedfl, 

6. Leading-mainB, 

7. Upper-service, engine-hotue, &C., 

8. << • pumping engine, 

9. " forcei^nain, 
10. " reservoir, 

Lands and damages, 

Distribution, 

Engineering and office ezpensai^ 



$288,008.87 

257,137.32 

436,663.59 

1,175,339.00 

22,957.00 

33,000.00 

21,835.00 

133,762.20 

52,550.00 

1,930,787.10 

125,000.00 



$4,477,035.08 



BHOmSEB'S SBPOBT. 73 



BY THE TEN-MILE RIVER PLAN. 

1. — The Storage Reservoir, 

184,197 cuImc yards of mud and vegetable matter to 

be removed from the site, at 
62,407 cubic yards of embankment, 
1,304 <* u u puddle in embankment^ 
2,455 ** u u pavement on slopes, 

WASTE-WAY AT SOUTH END OF BESEBYOIB. 

1 73 cubic yards of cut stone masonry, at 
107 " " " dry granite, rough hewn, 
56 '< '^ ^ water tight rubble in cement, 
100 « w « dry rubble backing, 
274 " ** " rock excavation, 
190 ** u u earth excavation, 
12,800 " " " excavation to drain reservoir 

into Bunin's river, 
4 waste gates with slides and gearing, 

BRIDGE OK TUBNPIKB. 

25,841 cubic yards of embankment, at 
435 << u u masonry in abutments, 
80 feet in length of bridge, 
2,250 feet of 12 inch drain-pipe around west enif- 
bankment, 
15,000 feet of post and rail fence. 
Contingencies and omissions (10 per cent). 



2. — Effluent Chamber and Filter Beds. 
759 cubic yards of concrete, at 



5,185 " 


« « rubble wall in cement, 


85 « 


« « rubble arch, « 


106* « 


" " coping. 


53 « 


" " cut granite in piers, 


106 « 


« « granite dimension. 




Carried forward, 




10 



$ .60 


$92,098.50 


30 


18,722.10 


1.50 


1,956.00 


6.00 


12,275.00 


iBYOIB. 

$25.00 


$4,325.00 


12.00 


1,284.00 


10.00 


660.00 


6.00 


600.00 


2.00 


548.00 


.30 


57.00 


M 


6,120.00 




2,000.00 


S .30 


$7,752.30 


8.00 


3,480.00 


40.00 


3,200.00 


1.00 


2,250.00 


.20 


3,000.00 




15,922.79 


pda 


$175,150.69 


ttUOu 

$8.00 


$6,072.00 


10.00 


51,850.00 


15.00 


525.00 


25.00 


2,650.00 


25.00 ■ 


1,325.00 


16.00 


1,590.00 



$64,012.00 





$64,012.00 


$ .40 


7,822.40 


8.50 


84,860.00 


.60 


8,585.60 


.60 


6,976.00 




2,063.00 


.07 


120.54 




4,000.00 




1,300.00 


1.50 


630.00 




12,436.95 




$136,806.49 



.50 


$18,234.00 


.50 


16,268.50 


1.50 


4,177.50 


5.00 


8,670.00 
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Brought forward, 
19,556 cubic yards of excavation, 
9,960 << ^ « broken Btone, 
5,976 « tf « coarse sand, 
9,960 « " << fine sand, 
9,290 lineal feet of drain pipe 8 to 12 inch| 
1,722 square yards of seeding and soiling of slopes. 
Gates with slides and gearing, 
Cut stone at 18 sluice openings, 
6 copper screens covering 420 square feet, 
Contingencies and omissions, (10 per cent), 



8. — The Cove Reservoir. 

86,468 cubic yards of mud and vegetable matter to 

be excavated, at $ 

82,537 cubic yards of earth embankment, 
2,785 ^ M « puddle wall in embankment, 
734 " " " dry paving on slopes, 

EFFLUENT CHAMBEB. 

95 cubic yards granite dimension with cut beds 

and builds, $25.00 $2,375.00 

4 cubic yards of coping, 25.00 100.00 

67 " " " rough granite in cement, 12.00 804.00 

233 " " " rubble in cement, 10.00 2,330.00 

46 *« « " paving « 8.00 368.00 

5,015 " « « excavation and back-filUng, .50 2,507.50 

400 lineal feet of 36 inch pipes, 22.00 8,800.00 

Contingencies and omissions (10 per cent),* 5,963.45 



4. — Pipes across Seekonk River 

31,000 cubic yards of dredging, at 
1,200 piles driven, 

25 M. feet B. M. of lumber in cross timbers and 
staging, 
Lowering apparatus and lowering, 
5,000 lineal feet of 36 inch pipe put together, 

300 " " «* " « laid. 
Contingencies and omissions (15 per cent), 





$65,597.95 


$ .50 


$15,500.00 


5.50 


6,600.00 


60.00 


1,500.00 




12,000.00 


20.00 


100,000.00 


22.00 


6,600.00 




21,330.00 



$163,580.00 
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5. — The Park Reservoir. 

25,dl0 cnbic yards of excavation to be put into em- 
bankment, at $ .50 
2,220 cubic yards of paddle in embankment, 1.50 
Influent chamber, same as effluent chamber of Cove 

BeservcMT, 
450 feet of 1 2 feet pUing, 6 inches thick, 32.4 M. feet 

B. M. driven, 70.00 

900 cubic yards of dry paving on slopes of embankment, 5.00 
The filter dam across the brook, 
Contingencies and omissions (10 per cent). 



$12,655.00 
8,330.00 

8,484.50 

2,268.00 
4,500.00 
1,500.00 
3,273.75 

$36,011.25 



6. — Engine House and Engine Foundations, 



1,352 cubic yards of coursed rubble, at 
790 << " " rubble in cement, 
19 M. feet B. M. timber under foundations, 
800 cubic yards of excavation. 

Cut stone work. 

Gates and gearing. 

Engine and boiler house superstructure, 

Screens, 

Contingencies and omissions (10 per cent), 



$12.00 


$16,224.00 


10.00 


7,900.00 


60.00 


1,140.00 


.50 


400.00 




2,000.00 




2,000.00 




20,000.00 




450.00 




5,011.40 



$55,125.40 



7. — The Pumping Engines* 

Two pumping engines, including boilers and all ap- 
purtenances, put up ready for work. 
Contingencies and omissions, 



8. — Force-Mains to Service Reservoir, 

6,000 feet in length of two lines of 36 inch pipe laid, at $45.00 

Two check-valves. 

Six stop-cocks with vaults. 

Extra for special castings and branches. 

Extra excavation for mains, 

4 feet culvert 35 feet long. 

Contingencies and omissions (10 per cent). 



$140,000.00 
14,000.00 

$154,000.00 



$270,000.00 

6,000.00 

12,800.00 

2,000.00 

200.00 

800.00 

29,180.00 



$320,980.00 
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9. — Service Reservoir en Hope Street, 

68,500 cubic yards of excavation put into embank- 
ment, at $ ^0 $27,400.00 
7,195 cubic yards of excavation put into puddle wall, 1.00 7,195.00 

22,810 " " " puddle on bottom, 1.00 22,810.00 

4,898 " " <* excavation wasted, .30 1,469.40 

4,000 " " " dry paving on slopes, 5.00 20.000.00 

INFLUENT AND KFFLUENT CHAMBEBS. 

1,284 cubic yards rubble wall in cement, at $10.00 $12,840.00 

416 " " rough granite " 12.00 4,992.00 

174 " " dimension granite, 15.00 2,610.00 

88 " " coping, 25.00 950.00 

27 " " paving, 8.00 216.00 

3 outlet and 3 inlet pipes set, 2,400.00 

100 feet of 12 inch iron pipe, 4.00 400.00 

3 sluice gates 4 feet x 4 feet, 4 do. 3 feet x 4 feety 

2 do. 1^ feet x 1^ feet, 4,000.00 

400 feet drain-pipe, 1.00 400.00 

Stone cutting, 2,000.00 

4,000 feet of fencing, .60 2,400.00 

2 Gate-houses, 2,000.00 

13,500 square yards soiling and seeding, .07 945.00 

Contingencies and omissions (10 per cent), 11,502.70 



The Upper Servicje. 
10. — Engine House and Engine Foundationg* 

50 feet of 36 inch pipe from influent chamber of 
service reservoir to pumping station, 
451 cubic yards of rubble in cement, 

39 " . " " brickwork, 

31 " " " cut stone masonry. 
Engine and boiler house superstructure. 
Contingencies and omissions (10 per cent), 

11. — High-Service Pumping Engines. 

Two pumping engines with boilers and appurtenances in place, 
Contingencies and omissions (10 per cent), 



$126,530.14 





$1,200.00 


$10.00 


4,510.00 


15.00 


585.00 


25.00 


775.00 




15,000.00 




2,207.00 


S9. 


$24,277.00 


place, 


$28,000.00 




2,800.00 



$30,800.00 
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12. — Foree-Mam/or Upper Sermee. 
2,200 feet in lengtli of 20 inch force-naia, leading to 

upper reserroir, at $9.00 tlS.SOO.OO 

Four Btop-cocia, 2,000.00 

Extra for special castings and branches, 750.00 

Cootingencies and omisuiuu (10 per cent), 2,25S.O0 



IS. — The Upper I 

2,205 cubic jsrds of rubble wall in cement, at SlO.OO $32,050.00 

2,025 " " " granite, cut jrants, 25.00 60,025.00 

249 " " " " dimension, 15.00 3,735.00 

182 '< " in cnt stone arches, 80.00 6,4G0.OO ■ 

759 « " " rough Btone arches, 15.00 11,385.00 

2,209 " " of concrete, 8.00 17,072.00 

309 " " " coping, 26.00 7,725.00 

2,700 " " " excavation and grading, .60 1,350.00 

100 feet of waste-pipe, 1,000.00 

1,000 feet of fencing, .60 GOO.OO 

Contingencies and oi 



1. The storage reserroir, $175,150.69 

2. Effluent chamber and filter beds, 136,800.49 

3. The Cove reserve"!!-, " 63,597.95 

4. Pipeneross Scekonk J^tbt, 163,530.00 
6. The Park reservoir, 36,011.25 

6. Engine-house and foundations, 55,125.40 

7. The pumping engines, 154,000.00 

8. The force-mains, 320,930.00 

9. The service reservoir, 126,530.14 

10. TTpper-service engine-honae, 24,277.00 

11. " pumping engines, 30,800.00 

12. " rorce-mau, 24,805.00 

13. " reservoir, 133,762.20 
Lands and damages, 178,404.00 
DistribulJan, 1,912,324.70 
Engineering and office espeaiM^ 126,000.00 
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BT THE PAWTUCKET PLAN. 

1. — Head-gaUs and Flume. 

1,008 cubic feet of cut stone in arch, at $1.25 $1,260.00 

G54 cubic yards of masonry with cut joints, 25.00 10,350.00 

CoiTor-dam above head-gates, 600.00 

Cut stone work around gates, 800.00 

Ilead gates and hoisting-apparatus, 2,000.00 

Gates at head of outlet-flume. 600.00 

Screens, 400.00 

Contingencies and omissions (10 per cent), 2,201.00 



2. — Conduit from Flume to PumjHoelL 



S. — Pump-weU and Foundations. 



4. — The Pumping Engines, 



$24,211.00 



2,750 feet of 4 feet pipe, at $28.50 $78,3 75.00 

Extra excavation and supports, 5,000.00 

Protection from water and ice, 2,000.00 

Contingencies (10 per cent), 8,537.50 



$93,912.50 



1,352 cubic yardffof coursed rubble in cement, at $12.00 $16,224.00 

651 " " " rubble in cement, at 10.00 6,510.00 

19 M. feet B. M. timber under foundations, 60.00 1,140.00 

1000 cubic yards of excavation, at .50 500.00 

Cut stone work, 2,000.00 

Gates and gearing, 2,000.00 

Screens, 450.00 

Engine and boiler house superstructure, 20,000.00 

Contingencies and omissions (10 per cent), 4,882.40 



$53,706.40 



Three pumping engines, with boilers and idlappurtenajices, pat np 

ready for work, $210,000.00 

Contingencies (10 per cent), 21,000.00 

$231,000.00 
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5. — Force'Mains to Service Reservoir, 

2,200 feet in length of two lines of 36 inch iron pipe, at $45.00 $99,000.00 

Two check-valves, 6,000.00 

Six stop-cocks, 1 2,800.00 

Extra for special castings, 1,000.00 

Extra excavation for mains, 300.00 

Contingencies and omissions (10 per cent), 11,910.00 



6. — Reservoirs and Filter Beds. 

13,548 cnbic yards of concrete, at 

13,439 ^* « " rubble wall, 
287 " « « coping, 
106,875 « " " earth in embankments, 

39,882 << « « puddle in banks and bottom, 
3,274 " " " dry paving on slopes, 

10,000 feet in length of drain-pipe, 

10,667 cubic yards of broken stone, 

17,067 " " «* sand, 
Stone-cutting, 
Gates and gearing, 
4,500 feet of fencing, 

20,000 square yards soiling and seeding slopes, 
Contingencies and omissions (10 per cent). 



7. -^ Leading-Mains, 

10,900 feet of two lines of 36 inch cast-iron pipe, at 

Blow-off and air-cocks. 

Stop-cocks, 

Branches and extra castings. 

Culverts, 

1,500 feet of 24 inch pipe from 36 inch mains to the 

high-service pumping station, 
2 stop-cocks. 
Contingencies and omissions (10 per cent). 





$131,010.00 


$8.00 


$108,384.00 


10.00 


134,290.00 


25.00 


7,175.00 


.40 


42,750.00 


1.00 


39,832.00 


5.00 


10,370.00 




2,250.00 


8.50 


37,334.50 




10,240.20 




2,000.00 




6,000.00 


.30 


1,350.00 


.07 


1,400.00 




40,937.57 




$450,313.27 


44.00 


$479,600.00 




2,000.00 




8,000.00 




3,000.00 




2,ooaoo 


12.00 


18,000.00 




900.00 




51,350.00 



$564,850.00 



The Upper Service. 

8. — Engine^ouse and Engine Foundations. 

451 cubic yards of rubble in cement, at $10.00 $4,510.00 

39 " " " brick work, 15.00 585.00 

81 " " " cut stone masonry, 26.00 775.00 

Carried forward, $5,870.00 
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Brought fbnrordy $5,870.00 

Engine and boiler house supcratnictore, 15,000.00 

Contingencies and omissions, 2,087.00 

S22,957.00 

9. — High'Sermce Pumping Engines. 

Two pumping engines with boilers and all appurtenances in place, $30,000.00 

Contingencies (10 per cent), 3,000.00 

$33,000.00 

10. — Force-main far Upper Service, 

1,900 feet in length of 20 inch force main, at $9.00 $1 7,100.00 

Four stop-cocks, 2,000.00 

Extra for special castings and branches, 750.00 

Contingencies (10 per cent), 1,985.00 

$21,835.00 

11. — The Upper Reservoir. 

2,205 cubic yards rubble wall in cement, at $10.00 $22,050.00 

granite, cut joints, 25.00 50,G 25.00 

" dimension, 15.00 3,735.00 

in cut stone arches, 80.00 5,460.00 

<* rough stone arches, 15.00 11,385.00 

of concrete, 8.00 17,072.00 

" coping, 25.00 7,725.00 

** excavation and grading, .50 1,350.00 

100 feet of waste pipe, 1,000.00 

1,000 feet of fencing, .60 600.00 

Contingencies and omissions (10 per cent), 12,160.20 



2,025 


i( 


i( 


249 


i( 


u 


182 


(( 


u 


759 


(( 


u 


?,209 


(( 


ii 


309 


(( 


(( 


2,700 


i( 


(( 



SUMMABT. 



$133,762.20 



1. Head-gates and flume, $24,211.00 

2. Conduit to pump-well, 93,912.50 

3. Pump-well and engine-house, 53,706.40 

4. Pumping engines, 231,000.00 

5. Force-mains, 131,010.00 

6. Beservoirs and filter beds, 450,313.27 

7. Leading-mains, 564,850.00 

8. Upper-service engine-house, &e., 22,957.00 

9. << pumping engines, 33,000.00 

10. *« force-main, 21,835.00 

•^-^■■— ^— ^— ^^— 

Caxried fi)rward, $1,626,795.17 
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Brought fi)rward, $1,626,795.17 

11. Upper Besenroir, 133,762.20 

Lands and damages, 169)050.00 

Distribution, 1,912,324.70 

Engineering and office-ezpensesy 125,000.00 

Total, $3,966,932.07 
U 
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APPROXIMATE ESTIMATE 

OF THE COST OF DISTRIBUTION IN THE CITY OF PROVIDENCE. 

FROM HOPE-STREET RESERVOIR. 

Low Sebyicb. 

9,430 feet of 86 inch pipe, $22.00 $207,460.00 

7,740 « 30 " << 17.00 131,580.00 

16,740 « 24 " « 12.00 200,880.00 

11,300 << 20 " " 9.00 101,700.00 

65,960 « 12 « " 4.00 223,840.00 

103,100 u s u u 2.50 257,750.00 

187,160 a Q it u 2.00 874,820.00 

Stop-cocks, 

10 36 inch stop-cockfl^ 1,800.00 18,000.00 

17 80 " " 850.00 14,450.00 

12 24 « " 425.00 5,100.00 

10 20 " ** 850.00 8,500.00 

41 12 « « 80.00 3,280.00 

108 8 « « 50.00 5,400.00 

540 6 " ** 86.00 19,440.00 

Hydrants, 

600 Hydrants, 60.00 30,000.00 

For contingencies and omisdons (10 per cent), 160,270.00 









$1,762,970.00 


High Sbbyiob. 






7,500 feet of 12 inch pipe. 




$4.00 


$30,000.00 


16,850 « 8 « " 




2.50 


42,125.00 


23,800 « 6 « « 




2.00 


47,600.00 


4,000 « 4 « M 




1.75 


7,000.00 


Stop-cocks. 








7 12 inch stop-cocks, 




80.00 


560.00 


22 8 " " 




60.00 


1,100.00 


57 J6 " " 




86.00 


2,052.00 


10 4 " « 




24.00 


240.00 


Hydrants, 








85 hydrants. 




60.00 


5,100.00 


Contingencies and omissions (10 per 


cent), 




13,577.70 




149,354.70 








1,762,970.00 



Total, $1,912,324.70 
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DISTRIBUTION BY THE PAWTUXET PLAN. 





Low Sebyiob. 






18,867 feet of SO inch ppe» 




$17.00 


$218,739.00 


88,800 u 24 « « 




12.00 


406,600.00 


6,000 a 20 « « 


• 


9.00 


64,000.00 


47,890 « 12 « « 




4.00 


191,560.00 


117,290 « 8 « «« 




2.60 


293,225.00 


177,610 « 6 « « 




2.00 


365,020.00 


2 86 inch stop-codo^ 




1,800.00 


3,600.00 


18 80 « « 




860.00 


15,300.00 


40 24 « « 




436.00 


17,000.00 


4 20 « ** 




860.00 


1,400.00 


40 12 « ' « 




80.00 


3,200.00 


108 8 •« « 




60.00 


6,400.00 


540 6 « «« 




86.00 


19,440.00 


600 hydrants, 




60.00 


36,000.00 


Contingencies and omisdons 


(10 per cent), 
High Sebyiob. 




161,948.40 
$1,781,432.40 


Same as from Hope-street Beservoiry 




149,364.70 




Total, 




$1,930,787.10 
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COMPAMTIVE COST OP COMPLETE ¥OEKS 

BY THE VAKIOUS PLANS 
(Including IHstributum.) 



Scotfs Pond Plan .... fS,686,02S.6S 

Pawtuxet Plan .... 4477,036.08 

Ten-Mile River Plan , . . . S,66S,104.82 

Pawtucket Plan .... 3,966,932,07 



ANALYSES OF SOILS AND WATERS. 



Ghables E. Oabpenteb, Esq., 

Chairman of Committee on Water Supply. 

Dear Sib : — I have the honor of submitting to you the follow- 
ing report, embracing the results of analyses made by me, be- 
tween the months of December, 1866, and May, 1868, and de 
scribing 

Well-waters from the city of Providence, 

Biver waters. 

Soils. 

All the samples were from sources unknown to me, the soils 
and a portion of the waters being furnished by J. H. Shedd, Esq., 
your Hydraulic Engineer ; the other specimens of water having 
been collected and forwarded to me by yourself. 

WELL WATERS PROM CITY OF PROVIDENCE. 

In the following table I present the results of analyses of 
samples of water from the city of Providence ; these I have ar- 
'ranged in what I consider to be pretty nearly the order of their 
comparative fitness for domestic use, the best samples coming 
first in order. (For the convenience of the reader, Mr. Carpen- 
ter has filled out columns 2 and 3 since this report was presented.) 
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• 

For the easier comprehension of the manner in which the 
above table describes these twenty-four samples of water^ I will 
refer in detail to two cases. 

The sample which was sent to me marked ^' 3/' was from the 
rear of 152 Charles Street, Ward L, and contained (in the Impe- 
rial gallon of 70,000 grains) 13.93 grains of total impurities. 
Those impurities consisted of 5.53 grains of organic and volatile 
matters (embracing animal and vegetable matters), and 8.40 
grains of mineral matters, making a total of 13.93 grains. The 
most prominent of the mineral matters was Chloride of Sodium 
(common table salt) ; in addition to which, there were detected 
small amounts of SulpJuzte, Nitrate^ and Carbonate of Lime, and 
Carbonate of Magnesia. The hardness was 4.90 degrees, an 
amount not excessive for well-water. I call this a pretty 
good sample, and, considering all things, the best of the collec- 
tion ; I therefore place it at the head of the list. 

On the other hand, the sample sent to me marked " 12," was 
from 61 Aborn Street, Ward IV. It contained the unusually 
large amount of 97.33 grains of total matters to the Imperial 
gallon ; made up of 28.94 grains of organic and volatile matters, 
and 68.39 grains of mineral salts. Among these impurities I 
was astonished to find Ammonia, an abundance of Nitrates, and 
a large amount of Lime. The water was of the uncommon 
hardness expressed by 22.26°. It is very plain that this is the 
worst sample ; it is therefore placed at the close of the list. 

The other samples are ranged along intermediate, as they 
shade in quality, from sample " 3 " down to the very bad sample 
" 12." 



GENERAL INFERENCES. 

Prom the results stated in the above table, I am of the opin- 
ion that the majority of the samples contain impurities of such 
a character and in such amount as to render them unsuitable 
either for general domestic purposes, or for most manicfacturing 
purposes. 

It must be admitted that owing to difficulties attending exper- 
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iments upon the snbject, it is impossible to state with exactnesS| 
what amount of impurities is allowable in water for drinking 
purposes. One authority states that water containing below 
16 grains per gallon may be safely employed, provided it does 
not contain much organic matter. At the Sanitary GongresS; at 
Brussels, in 1853, ''it was decided that the total amount of 
solids ought not to exceed 35 grains per gallon. The same rule 
had been previously laid down in the Anniuiire des Eaux de la 
France for 1851." I am inclined to the opinion however, that 
the average amount of solids, in weU-waier which experience 
has indicated to be good for domestic use, is about 25 grains per 
gallon. The waters of rivers and ponds almost invariably con- 
tain far less amounts. The following table is quoted to show 
the character of the water supplied (or proposed to be supplied) 
to some of the cities of the United States. 



TABLE II. 





Analyst. 


No. of Grains per Imp. Gallon 




LocaUtj. 


Of 
Total Im- 
purities. 


Of Or- 
ganic and 
Volatile. 


Of 
Mineral 
Matters. 


Hardn 
toSof 


Connecticut Biver, 
Siartfiyrd. 

Acnshnet River, 
New Bedford, (4sampPs) 

Cochitnate, 
Boston, 

Fairmount, 
Philadelphia. 

Oroton River, 
New York. 


B. Silliman, Jan. 
June, 1861. 

Professor Chace, 
Aug. 1863. 

B. Silliman, Jun. 
1845. 

« ft 
it <t 


3.07 
3.83 
4.04 
6.59 
12.71 


1.26 
2.19 
1.39 
1.40 
4.73 


1.81 
1.^ 
2.65 
5.19 
7.98 


1.640 
.840 



Now by. an examination of table I., it will be observed that in 

the samples analyzed, from the city of Providence, the solids not 

only were in much greater amount than in any of -the samples 

of table II., but that a large proportion of them exceeded even 

12 



90 



chemist's bepobt. 



the largest of the estimates for potable waters (viz.: the Brua- 
ads, 35 gr. to the gallon). 

Moreover, the qualitative analyses show that the ProvideDce 
well-waters contain considerable quantities of Nitratea, of Mag- 
nesia Salts, and of Sulphate of Lime, and that three of the sam- 
ples contain Ammonia, — matters which are believed to be 
prejudicial to health.* Pour of the Providence samples (select- 
ed at random), Nos. 4, 5, 7, and 8, having been subjected to a 
more extended analysis, are described by the following table. 
The numbers express how many grains of the several substances 
there are in a gallon of water. 

TABLE m. 



Silicic Acid (sand, &c.) .... 
Alumina and Oxide of Iron 

Lime 

Magnesia 

Fotassa and Soda 

Sulphuric Acid 

Chlorine 

Nitric Acid 

Carbonic Acid 



No. 4. 



Trace. 
.30 
4.27 
1.76 
2.13 
3.41 
4.97 
Not determined. 
Not determined. 






No.6.t 


No 7. 


.17 


.22 


.03 


.45 


5.00 


6.91 


1.40 


2.09 


4.62 


5.21 


3.96 


4.17 


3.32 


5.73 



Kg. 8. 



I 



.14 



7.63 
1.94 
6.30 

4.85 
5.84 



* Although it is the business rather of the physician than of the chemist to show 
how the animal system is affected by the matters mentioned as detected in these 
drinking waters, yet I will venture to make a few statements upon the subject. 

Animal matters by their decomposition produce Nitrates and Ammonia salts : when 
therefore these latter compounds are detected, they indicate that the water in which 
they are found may have been contaminated by animal matters. 

Magnesia salts in the water are believed to be the cause of the disease known as the 
goitre, prevalent in some parts of Switzerland. " The amount of lime and magnesia 
salts required to produce goitre is not precisely known. In the gaol at Durham, 
Johnson states that when the water contained 77 grains per g^on (chiefly of lime and 
magnesia salts,) all the prisoners had swellings of the neck ; these disappeared when 
a purer water containing 18 grains to the gallon was obtained." Parkes' Hygiene, 
London, 1866. 

It is believed that the Carbonate of Lime may exiat in watei^in considerable quantity 
without injury, but that Sulphate of Lime is prejudicial in n^uch 8ma|fer amount. Al- 
though it is well known that Stone and Gravd are mo^ common diseases in Kentucky 
(where the water is charged with lime salts,) than in any Qther State in the Union, 

t Analysis of No. 5 by my assistant, Mr. StillwelL 
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HARDNESS TO SOAP/ 

I have not yet referred to the last column of table I., which 
shows the extreme hardness of most of these waters to soap. It 
is hardly necessary for me to call attention to the waste which 
is incurred when water of this kind is used for laundry pur- 
poses. This hardness and consequent waste is due to the mag- 
nesian and calcareous salts in the water ; these salts form inaolu- 
He compounds with the fatty matters of the soap, thus causing 
a direct expenditure of the latter without corresponding increase 
of detergent power. 

For many culinary purposes also, soft water is desirable. It 
is well known that in making soups and broths, for example, the 
juices of the meat are much more quickly and completely dis- 
solved out by soft water than by hard water. M. Soyer, the 
eminent chef de cuiaiiie stated, in reply to the questions of the 
Commissioners of the London Board of Health (1850), that for 
some kinds of cooking, when hard water was used, decidedly 
more time was required and more fuel was consumed than was 
the case when soft water was used. He also expressed it as his 
opinion, the result of careful experiments, that in the making of 
tea with Thames water (hardness, perhaps 16°) a waste was 
incurred amounting to nearly one third of the tea used. 

yet I believe that their occurrence must be referred to causes (as yet unknown) other 
than the mere hardness of the waters. 

" The comparative value of the new soft supply over the old hard supply, has been 
matter of discussion at the Glasgow Southern Med. Soc, of which I was president 
two years. It was the unanimous opinion of the medical profession that great benefits 
of a sanitary kind had followed in the substitution of the soft water on the principle 
of constant supply. It has been observed that since this change, urinary diseases 
have become less frequent, especially those attended by the deposition of gravel." 
Dr. Leach, in Board of Health Reports, London^ 1851. 

" Thus much seems to be certain, that as precise investigations proceed, and, indeed, 
in proportion to tbe care of the inquiry and the accuracy of the chemical examination, 
a continually increasing class of cases [of disease] is found to be connected with the use 
of impure water, and it seems only reasonable to infer that a still more rigid inquiry 
will further prove the frequency and importance of this mode of origin of some 
diseases." Parkes' Hygiene. 1866. 
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For most manafactnring purposes * it is important to have 
a supply of pure soft water. The scale which forms on steam 
boilers by the ase of hard waters, consists, in the majority of 
caseS; of a mixture of Sulphate qf Lime with Carbonaiea of 
Lime and of Magnesia, The analyses of Table I. show that most 
of the waters contain large amounts of these incrusting ingre- 
dients, and the experience of our city manufacturers has taught 
them the extreme difficulty, I may say the impossibility, of find- 
ing waters free from injurious quantities of these matters. In a 
city like this, no more than an allusion is necessary, to the vexar 
tions, the waste of fuel, and the danger to life and property in- 
cident to explosion, which are incurred by the use of hard 
waters. 

For the purposes of bleaching, calico-printing, and the other 
delicate manufactures of which this city has reason to be proud, 
an abundant supply of pure water is invaluable. 



RIVER WATERS. 

The table which follows, Table IV. shows the results of my 
analyses of certain other waters received from you. 

A comparison of the results of this table with those of Table 
I. presents the most striking differences. The samples described 
in Table IV. are of remarkable softness and purity. The or- 
ganic matters present seem to be entirely vegetable, since in no 
case could nitric acid (the indicator of animal matters) be de- 
tected. The mineral matters also, it will be seen, are harmless 
in quantity and quality. In the case of the sample of May 13, 
1868 (Pawtuxet River), tests were made with especial care, for 
the purpose of discovering metallic impurities, in case any such 
should be suspended or dissolved in the water. None could be 
detected, except indeed, slight traces of Alumina and Oxide of 

* I find that brewers like for their purposes a water containin|^ au abundance of 
of hme-salts, a very hard water therefore; in fact such water is used by the great 
English brewers, Messrs. Allsopp & Bass. Some brewers, however, seem to prefer 
soft water. 
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Iron, — uninjurions substances which are found in small quanti- 
ties in all natural waters. No traces either of Nitrates or of 
Ammonia could be found. 

The analyses indicate, therefore, that these waters are excel- 
lent for drinking; for cooking, for washing, or for general manu- 
&cturing purposes. 
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THE ACTION OF WATER ON LEAD. 

In a previous report apon samples, A, B, and C of Dec, 1866, 
1 1 expressed the opiDion that such pure waters might act OD 
I lead pipes, it being well known to chemists that pare water acta 
[ upon lead more strongly thau hard water does. Subeequeot ex- 
periments proved that such was indeed the case : that these 
samples (A, B, and C), by contact with metallic lead, formed a 
powdery compound of Hydraie and Carbonate of Lead. This 
compound I found could be separated by filtration ; and upon 
testing the filtered water I did not detect any lead. 

In view of these facts, I was requested to make some ex- 
periments upon tin-lined pipes. I received from Mr. Shedd 
several pieces of this pipe, which bad been soldered so as to form 
fees, the soldering being done {I am informed) without any ex- 
tra precautions, by a man who did not know that they were to 
be tested. I subjected them to teats for the purpose of learning; 
■whether, in soldering, the tin had run so as to expose the lead 
to water which might be used in the pipe. As the result of my 
experiments I formed a favorable opinion of this pipe ; for I 
found that although in one case after standing two days the wa- 
ter took a very slight trace of lead from the joint, yet, in 
another case, hot water standing in the pipe six days gave no 
test for lead. It appears, therefore, that with care these pipes 
Taa.y be so joined as to expose no lead to the water. 
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ANALYSES OP SOILS. 

The following table (Table V.) shows the composition of four 
H cif soil received from Mr. Shedd. The samples were of 
diS"erent degrees of moisture ; but for the purpose of easier com- 
parison, I annex to each analysis, under the head of" Reduced 
per cents," ^e composition of the soils, supposing ike amount 
of moisture to be reduced in each case to a standard of 25 per 
cent. 
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TABLE V. 



Moisture, 

Insoluble Matter, Sand, 

loiioluble Matter, vola- 
tile. 

Soluble Matter, fixed, 

volatile. 



« 



« 



1. 



.♦u 



?2 



42.28 

54.36 

[2.99] 

.25 

.12 



■I 






!£ 



25.00 I 



40.23 



70.65 ; 57.2i 



3.88 
.32 
.15 



[2.20] 
.28 
.04 






V 

^4 



25.00 

71.84 

2.76 

.35 

.05 



4 



25.78 

72.47 

[1.32] 

.38 

.05 



BO 



I 



25.00 
73.23 

1.34 
.38 
.05 






^1 

9 

8 



8^ 






I 

: 74.09 
I 49.39 
; [2.69] 
.66 
.17 



25.00 

70.02 

3.81 

.93 

.24 



[The results in brackets were determined by difference.] 

These analyses indicate that water passing over such soils 
wotild take 'up only an extremely small qaantity of soluble 
matters. 

Bespectfblly submitted, 



JOHN H. APPLETON, 



Brown UinYERBiTT Labobatobt, 
Providence, Maj 20, 1869. 
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STATISTICS BY CITY OFFICERS. 

( Continued,) 

NuinixM- (»f Woodoii Buildings 7,081 

Nniiilx'i' of i>ri('k and ^^touo Buildings 400 

Nuuilior of Dwellings 6,981 

Xuuil)or (»t' Churches 53 

NunilxM' i»r City Buildings 19 

Number i»f School Houses 27 

Number of Printing Offices 8 

Number of Il:iilri>ads 5 

Number of Cas Companies 1 

Number of Steamboats 26 
Quantity of fresh water used daily by the same, 

in gallons 110,000 

Number of Distilleries and Breweries 3 

Number of Bakeries 11 

Number of Public Buildings and Charitable Institutions 67 

Number of Photographers 14 

Number vessels arrived in Pro v. 1866 3,000 

Gallons water purchased by the same 94,225 

Number of Steam Engines 132 

Amount of Horse power 6,874 

Number of Steam Boilers 341 

Gallons water used to operate them annually 133,434,600 

Tons coal used annually by same 56,034 

Manufactories using Steam Power 119 

Manufactories not using Steam Power 548 
Estimated amount for Fire Hydrants ) „ 

Estimated amount for Fire Engines J ^ ' ' 

Estimated amount for building purposes " 40,000,000 

Of the Artesian wells reported, 185 families consider the 
water of a very inferior quality. 
Officers Jones, Hart, and Oakes^ report a general complaint in 
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their districts, of the poor quarlity and insuflScient supply of 
Fountain water in the summer months. 

The high price of water prevents shipping being supplied at 
this port. The larger portion procure water on the North River 
and Delaware Bay near Philadelphia ; they have trouble in get- 
ting it out of the river, would gladly get their supply here 
but for the price, about one cent per gallon. 

The steamers and tugboats running in the bay, would sup- 
ply entirely with fresh water but for the price ; they now use a 
large proportion of salt water, to the detriment of boilers and 
machinery. 

Rates of insurance vary from i to li per cent, dependent on 
the uses to which buildings are put: in localities unfavorable 
to a ready supply of water in case of fire, rates are up to 2^ 
per cent. 

Respectfully submitted, 

William H. Ayeb, 

Clerk of Police, 



RAINFALL IN PROVIDENCE. 



il Annual Quantity of Ilain anil Sauw (reduced to mtor) in 1 
rvcil and recorded l>y I'nit. Ali-:!)! Caswell, at College Hill, 
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